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A-24 



• 4-track. 2-channel stereo 

• All-silicon transistor pre amps 

• Pause control 

• Digital counter 

• Dual VU meter 

• Fast winding 

• Automatic stop at end of tape 

• 0.2% wow and flutter (RMS) 

• Frequency response: 40 to 12.000 HZ 

• S/N ratio: 45 dB or more 

• Crosstalk: 40 dB between adjacent 
tracks at 100 Hz 

• Microphone optional 




This is what happens when a bi^- name thinl\s small. It's the TEAC A-24, and it's making cassette 
history. This deck is powered by a uniciue hysteresis synchronous outer rotor motor for compact 
convenience, powerhouse performance. And it comes complete with all the craftsmanship 
it takes to make a TEAC. 

More exclusive features: a special end-of-tape sensing circuit which not only stops the cassette, 
but completely disengages the mechanism — releasing pushbuttons, pinch i-oller and idlers — 
to avoid "Hats" and deformation of critical drive components. Two specially-designed heads for 
outstanding frequency response. Just about the lowest wow and flutter that ever came out of a cassette. 

Of course, no sound system is really complete without cassette 
capability. So if it's time to round out your equipment, it's time 
to sound out our A-24. 

TEAC 

TE.^C Coriionition of America • 20(KJ Colorado Avenue ■ Santa Monica, California 90104 



www.americanradiohistorv.com 



Coming 
Next 
Month 



• Si'pli'iiilnT is the i)U'\i('\v issiu' fur 
till' fall Al-S Cdiivi'iition to 1m.' lu'ld in 
\i'\v ^'l)^k. \\ t' will lia\e the coiiiiik'Ie 
priigraiii and maps of tlic i-xliihits. 

IC<l\var<l J. ('lately, jr. has prepart-ii 
an arlicli' tiilitk'd U"s: Tub Comisi; 
Revom'tios The aulhor has |)ri'par<.'d 
a slroiif; rase for ihrst' siili-rirciiits 
which he ilhistrati's fiilK' in actual prod- 
uct evaluation exaniples, 

And in OctolnT. \\c will fcattiri' a 
sp<.'cial issue devoted to compressors 
and liniiters. Ineluded will he a directory 
of prtKliicts and a roinid-tahle disrussion 
b\' several manufacturers on these 
C()m|K Hients. 

And there will !»■ our regular niontlily 
coluitniists: (ieorjje Alexandrovich. N'or- 
nian II. CVowhursi. Martin Uickstein, 
Arnold Schwartz, and John Woram, 
Coming in db, 'riu- .Sotmd I'-npini't-rinp 
Mafjazine. 



About 

the 
Cover 



• A lish-cyc lens peers at the aniionnce 
studio of Al'"KTSA\'asliiiiKton. .\ stiir\- 
on the const riTct ion o( these studios 
appear-, on 2X. 
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Letters 



The Editor: 

Mr. F. C. Hfr\ey, in his Ma\' letter, 
has suggested three-channel stereo as 
being more simple than four and 
still capahle of a surround of sound. 
Unfortunatelx', the use of three chan- 
nels, as proixised, does not siniplif\' 
such a basic medium of reproduction as 
the phonograph disc. However, the idea 
of matrixing the third channel can 
give a simple system with full disc and 
radio compatibility. 

If the output of a rear microphone is 
mixed into the two stereo channels in 
opposite phase, it can be successfully 
played through a rear speaker dif- 
ferentially connected. This is the precise 
mirror image in\ersion of the so-called 
phantom channel, in which a front 
center speaker uses the sum information 
of the two channels. The psycholog\' of 
listening acts in our fa^•or in these two 
connections. The in-phase information 
forms an ap]Kirent source in front, while 
the out-phased information will not 
form a center. The rear speaker gives 
the out-phased information a 6 dB ad- 
vantage as comjMred to its amplitude 
in the side speakers. This gives a strong 
rear source for rear signals which can be 
either ambience signals or other instru- 
ments or voices. 

This system can l)e played as normal 
stereo or as the enhanced stereo with the 
extra speaker. The extra speaker can 
be two speakers in series or parallel in 
the two rear corners, if desired. The sys- 
tem can be used on discs or any other 
medium without limitation of band- 
width, and it gives the sonic benefits of 
three independent channels. If discs 
and tape were prepared this way, the 
user would ha\'e his choice of two-or 
three-channel reproduction without 
having to add anything but an extra 
loudspeaker with a ix>tentiometer to 
control its level. 

A further extension of this method is 
to use a front-centered microphone, the 
output of which is mixwi in phase in the 
tw<i channels. .\ front sjH'aker is fed 



with the sum of the two channels. The 
two side siJeakers can be separated more 
than usual so that the center speaker is 
effectively an additional sound source. 

In this extension, it can be seen that 
there is no back information In the front 
speaker and no front information in the 
back speaker. The time lag from front 
to back of the recording hall is precisely 
repr<)duced in pla\-back from front to 
back speaker. Thus all the hall am- 
bience is reproduced. It is also practical 
to have four instruments playing simul- 
taneously with four distinct sound 
sources, so that this simple system can 
Rive all the benefits of four separate 
channels. 

It would seem that efforts to promote 
four-channel sound with four-track tape 
are unnecessar\- when the sonic benefits 
can be deri\ed from two channels 
properly recorded. 

David Hailer 

President, Dynaco Inc. 

Philadelphia^ Pa. 19121 



ERRATA 

At the Ixittom of the first colunu) of 
last month's article Synchronous Rec- 
ording Tkchniques, reference was 
made to 7/8-inch tape. This should, of 
course, been J4^-inch tape. \Vc are not 
attempting to set new standards in tape 
width. 

Page 34 of that issue illustrates an 
eight-channel mixing module and indi- 
cates it to be made by Gcately Elec- 
tronics. This is a mislabeling; the module 
illustrated is manufactured by .Suburban 
.Sound Inc. 
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This article will help to 
reduce all that microphone noise 
you've been hearing. 

The din keeps getting louden claim and counter- 
claim. 

With three different powering systems avail- 
able, no wonder the users of transistor-equipped 
condenser microphones are confused by all the 
"power politics." 

This article will help. Originally published by 
db Magazine, it gives the pros and cons of each 
system. Fully explained. Carefully diagrammed 
and documented. 

It's not promotional literature. But we'll be 
glad to send you a reprint free. (And extra cop- 
ies, if you need them for distribution.) Because, 
frankly, we've never come across a clearer ex- 
planation of why Neumann elected to use a 48V 
PHANTOM® powering system. 




Circle 16 on /{(•(ider Sni'irc ('.<ird 
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Last on the scene with a transistorized con- 
denser microphone, Neumann had every power- 
ing option open to it. This article will show you 
why the world's most prestigious manufacturer 
of electro-acoustical transducers made the elec- 
tronics decision it did. And why thousands of 
users are so pleased with the result. 
Write today for your copy. 



AUDIO CORPORATION 
2 West 46th Street, New York, NY 10036 (212) CO-5-4111 
1710 N. LaBrea Avenue, Hollywood,CA 90046 (213) S74-4444 
In Canada: J-Mar Electronics Ltd. 



The Audio 
Engineers hHondbook 

GEORGE ALEXANDROVICH 



MEASURING S/N RATIO 

• Tlie iirohleni tif corn-ctly nioasiiring 
and inH'rpreiitij» s n of a s\'sleiii or a 
device has licen with lis from thi' da\s 
of Kdifon. If \oii survey the nerforin- 
ance specilicalioiis of audio e(|ui|)nient 
tiida\-. will l)e amazed at the 

variel\' of ways iiois-c specs are written. 
And most of the times they arc ex- 
pressed in stick a way so as to appear 
better than others. 

This month 1 would lik<' to summarize 
all tlic liasir facts about noise s|iecs 
and measurements and outhne simple 
basic rules for their correct interpreta- 
tion. 

Let tis start witli the definition of 
twisc. .Noise in a s\stem is any un- 
wantwl electrical signal or disturbance 
api)earing and measured at the output 
of a device or a s\ stein after the signal 
source feeding the system has been re- 
move<l. Noise can be random or periodic. 
Pcri(Kiic t\ pe of noise for example, can 
be caused by picking up r-f signals In- 
unshielded w ires or C(>miX)nents. or by 
picking lip 60 llz hum or an\- other 
source of ix-riodic signal. Random noise 
can be actpiired by the system thnnigh 
pickup or generated within a system 
ilsi'lf. In our measiiremeiits of s n we 
inchide all l\ pes of noise signals men- 
tionwl al)o\ e, regardless of their origin. 
.Noise fre(|ueiicies beyond audio spec- 
trum can be disregarde<l. pro\iding 
they don't cause other ad\erse effects, 
(such as distortion of audio signals, by 
generating beat fre(|ueiicies or slope 
detection of r-f signals causing audible 
interference). The amoiuit of inter- 
ference at supersonic frecpiencies can 
be determined if, let us sa%-, a 20 kHz 
filter is insertwi into the output circuit 
and a decrease in noise le\el is read. 
Hilt, let us take an ideal condition 
when there are no ()iitsi<le interferences 
and tlie only noise that we are concerned 
with is the one generated b\' the system 
or a dev ice. 

W'e ha\e liearfl (|uite often the term 
cgiiimleiil iiipiil iinisr. What iloes it 
mean? It is a noise generatitl by the 
input stage of our de\ ice and normally 
is in order of -110 to -127 dlV What 
do these figures mean? The%- mean that 
noise geiierateji bv the components in 



the input .stage has an ani[)lilude of 

0. 5 (—125 dHni) across the source 
imiK-dance of 600 ohms. If one wantwi 
to feed 0 (IHm level into this stage, at 
this ix)inl he would measure a s n oi 
125 dli. (»r if one would connect a niic 
to this input prtnlucing —60 dUm he 
could measure a s/n of 65 <IH. ( — 60 
dHni le\-el is 65 dH above —125 dUiu 
noise level). 

Now. let me jxiint out that mitiimum 
lliforeticdl noise in the case of the audio 
six-ctnim isalMiut —1.^0.9 tlH. In other 
words, free electrons in conductors, 
resistors and other coni|X)nenls produce 
about 0.27 of stead\- noise. The onl\' 
way to change this coiulition is to use 
cr\ ogenIc techniciues (suix-rcooling con- 
ductors and other [xirts) something 
that is be\ ond oiir scope of discussion 
and out of the realm of practicalit\-. 

If -l.?(W dMin tioise level is the 
lowest we can obtain (wide-band nieas- 
urenient), then the closer the audio 
signal in our s\-stem drops to this — 1,^0.9 
dBiu ie\ el, the smaller the s/n we should 
expect, afterwards. 

Let us consider tlrsl the high le\-el 
input of the 10 input console. We feed 
0 dbni 1 kllz signal into the input trans- 
former. Signal goes through the fader 
dropping to perhaps —20 dihn level. 
Then we feetl it into the mixing network 
which has a loss of, let's sa\' 20 dli. 

1. e\ el at the otttput of the mixing net- 
work is me: isured at -40 dH. (See 

Fir.LKK 1.) 

If there is no booster amp after the 
mixer network, the signal goes into the 
master fader where it loses another 
20 dB. The signal fee<ling the output 
amplifier is now —60 dHm. W'e need 
M (IB of gain in the line amp to restore 
the lost gain. Before the signal enters 
the booster it is onl\- 7().<> dB above llie 
theoretical minimum noise. Most of the 
amplifiers ha\-e noise generated b\- their 
input stages (the most \ilal jioiiil in 
noise generation) w hich measures from 
-110 dBm to -127 dBm. (.As little 
as dB ab()\e the limit). This small 
increase of about dB lowers the pos- 
sible s n of 70.9 tlB to 67.<> dB. .As 
the line amp boosts the level to -f4 
dBm (64 dB of gain), it also amplifies 
tlie noise geiieratwl by its first stage by 
the siime amount (— 127dB -+-64 dB = 
-6.^ dB below 0 dB le\el). But we 
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WHAT S A KEPEX? 

In today's multitrack studio we are constantly 
at war with the build-up of undesirable noise. 
Not just tape hiss, but a host of equally offen- 
sive noise sources such as; guitar amplifiers, 
air conditioners, room echo and leakage el- 
fects, etc. 

Consequently, the mixdown session often be- 
comes more of a noise abatement session! 
That's where KEPEX can really help. 

With a little ijrogramming help from you. 
KEPEX can quite accurately distinguish sig- 
nal from noise. It can tiien go on to preserve 
the signal intact, while reducing unwanted 
noise signals by as much as 60DBI 

Since you are doing the thinking, KEPEX can 
be made to perform in a whole lot of ways, 
ranging from mild noise reduction to some 
really far out Electronic Music Effects. 

While it's doing all of this, KEPEX also pro- 
vides you with an instantaneous (25 micro- 
second) visual readout of exactly what it's 
doing! 





7120 SUNSET BOULEVARD 
HOLLYWOOD, CALIF. 



Find it hard to 

believe? 

For those oS you in 
doubt I've prepared 
a demonstration 
tape so you ca n hear 
the results o( KEPEX 
in actual use! 
Write me tor your 
Eree copy! 
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have an (Hitpul si};iial of +4 dBni so 
noisf lu'ldw our sinnal (nitpul \vi>iil<l Ik- 
6.S <IH +4 (115 = 67 (115. 

Now . if we (li<ln't allow our signal to 
drop 1o —60 after the master fader but 
insleail wouUl liave a 20 <ll{ antplilier. 
let 11? sa\-. after the iiiixiiif; network, 
tlieii our levels would look like tliisi: 
Into an amplifier with 20 dH of ;;ain 
and with input noi^e of —127 dB. we 
wouki feed sif;nal of —40 <llin>. wliivli 
is 87 dU above the noise level (niaxi- 
nnini possible s n is 20(115 higher now!). 
(See Fu;i Kic 2.) 

iioostinf! the signal 20 ilB boosts the 
noise to -107 (IB. Later, the failer 
attenuates 20 dB l)rinj;inn the signal 
to -40 dB level and noise to -127 dB 
anain. .\ow, we need f)nl\- 4()flH of gain 
to l)rinf; the si};nal to line (lutptit level. 
An output amplifier with 40 dB of piiii 
can produce s/n of 87 dB. Thiii shows 
that keeping the signal as high as 
IX)Ssible will produce a lieller s 'n. 

Now. let's review the methods of 
measuring noise correctlv. First of all. 
a signal generator and vtvm should Ik' 
on hand (n-.ost of them today cannot 
be called va(uum-tid)e voltmeters but 
t\in or fetvm) and preferably, also a 
'scope. \'l\ ni and scope should lie con- 
nected across the output of the system 
or device. ICven before turning the 
power on, make sure the noise you read 
on the \ tviii is at least 10 (IB lower 



Kow! B-Channel 
Ruilio Distribution 
AniDlilier from 

FAiRU! 



I 8 independent amplifiers 

which can be connected to 

one or more sources. 
I Self-contained Power Supply. 
I Bridging Inputs. 
I Maximum Output; +15 DBM. 
I S/N Ratio: 90 DB 

at maximum output. 
I Compact Size: 

3"x5y4"xlOW 
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FAIRCHILD 

Si]U'r>d EquipmenE CorporaMon 
iD-aC 45th Awe, .L. i.e., M.¥. 11101 



Circle /? on Reader Senncc Card 
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Fisure 1. A dia- 
gram of level dis- 
tribution. 
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AMPLIFIER 
iNOiSE 
j - 25dB 
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Fisure 2. The effects 
of a booster ampli- 
fier on signal to 



than the lowest expected reading witli 
the |)ower on. If you read soniethinn 
like —.SO dB with the |)owcr olT, you 
will never know what your system's 
noise really is. In this case, recheck your 
SroimdiuK and shielding of the output 
stage. 

The next ste]> is to turn the (xiwer on 
and feed the appropriate signal into the 
input. 

Adjust all faders and or gain con- 
trols for noriiial operating gains and 
read appropriate output signal at the 
output of the system or device. Observe 
the wave form for a clean wave shai>e. 
Operating level should be at least 10-14 
dB below the clipping level. \o\\ can 
check that by turning \(>ur oscillator 
output 10-14 db higher (and noting the 
level at which clipping or system over- 
load occurs). 

.Now that you have all gains ad- 
justed and signal at the output nieas- 
tired. remove the test oscillator from 
the input and replace it with appropri- 
ate dummy load resistor (well shiekli'd) 
e<|ual to the output imiK-dancc of the 
source (shorting input may prtiduce 
lower noise reading but will not repre- 
sent actual operating conditi<)ns.) Read 
the noise at the output. Let us say you 
obtain noise of 60 dli below yt)ur signal 
output. To find out what this (igure of 
60 dB represents, you nia\' put a 15 or 
20 kHz k>vv-pass filter in the tmtimt 
and determine if excessive noise is 
I alK)ve the audible range. Von may (ind 




-^idBM 



-e3dB 

AMPLIFIER 
NOISE 



that with lilter switched in. the noise 
reading may dro|) another few dB pro- 
ducing a s, n of. let us s;i\-. —65 (IB. 

To determine what stage is limiting 
further improvement in s n. turn \our 
master gain control down. If the noi.se 
level droi)s. then the noise is generated 
before the master control. If not. then 
look for cause in the stage following the 
master. 

UsualU . the biggest offenders in 
generating noise are niic preamjis. 
Input levels are sometimes low ( — 60 
dBm or h)vver) and preanip gains arc 
high (40-60 dB). The best mic lire- 
amiis ha\e e(iui\alent input noise on 
the order of —127 dBm, meaning that 
with mic signals of —60 dBm the best 
possible s/n <ine can hope for would be 
67 dH. The input stage of a mic preamp 
contritnitcs to 1/f and white noise, inic 
transformers and wiring to the jireamp 
input in the average system additionally 
contributes to the input noise. Bal- 
anced transformer inputs cannot be 
ideally Iwlancetl nor can you entirely 
prevent pickup of hum and rf. Modern 
lechni<iucs using supply voltages for 
condenser microphones arc quite in- 
genious, but using d\ namic mics in the 
inputs wired for condenser mics may 
cause some deterioration of s/n, es- 
pecially if input balance is not near 
perfect and if the iK>wer supply is not 
pure d.c. These are extremes, but 1 feel 
one should he made aware of |X)ssible 
causes of poor n. ■ 
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Sony portable studio $995.00 (VWoptional). 



What happens when the talent can't 
come to the recording studio? 
The recording studio goes to the talent. 
Simple move. 

If you own the new Sony Model 772. 

It's the only truly professional AC/DC 
portable stereo recorder on the market. 

It's so compact that it enab'es you to 
assemble a top quality recording studio 
right in the trunk of a VW. 

The Sony 772 with its 7V7 and 15 ips 



makes it uniquely suitable for master 
recordings— in the field. 

It also has 7-inch reel capacity, built-in 
llmiter, tape select switch for standard or 
low noise type, a fourth head for quarter 
track playback, and built-in nickel cad- 
mium battery pack which automatically 
switches in if the AC fails, with absolutely 
no interruption. 

The Sony 772 performance is fully com- 
parable to studio recorders costing three 

C.I trie /-f on, Header Sewire Curd 
www.americanracliohistorv.com 



times as much. 

The Sony 772 is available at select 
Superscope Special Application Products 
dealers. 

For their names, as well as complete 
details and specifications, please write 
Special Application Products Division, 
Sony/Superscope, 8150 Vineland Avenue, 

California 91352. ** — ' 

® SuPer&coPe. tnc. 



NEW IM 
ANALYZER 

ADVANCES 
STATE OF THE ART 



Extended measuring range and higli- 
speed readings are the outstanding 
features of a unique new Interniodula- 
tion Distortion Analyzer introduced 
by Crown International recently. The 
American firm is known for its line of 
Crown precision professional tape re- 
corders. 

This analyzer was developed to 
meet the production line requirements 
of the Crown DC300 lab standard 
amplifier. The first need was for accu- 
rate measuring capability througli 
0.01%. This analyzer guarantees a re- 
sidual IM level of less than 0.005%, 
with seven full-scale ranges from 100% 
to 0.1%. 




The second requirement was for an 
instrument simple enougli to be oper- 
ated by production-line personnel and 
rapid enougli to make sequential read- 
ings across the entire power band. The 
Crown analyzer meets the challenge by 
reducing measuring time from minutes 
per reading to just seconds. This is 
acconiplislied by a "tracking" func- 
tion, using two meters and a ganged 
input/output gain control. The input 
level is set using the cahbrate meter, 
and distortion is immediately read on 
the percentage distortion meter. Suc- 
cessive readings at 5db increments take 
under five seconds each. The entire 
operation is completed in less tiian one 
minute. 

SoUd state construction, utilizing 
FETs, makes the Crown analyzer higli- 
ly stable and uniquely compact, meas- 
uring 7x19x7 inches. Rack mount list 
price is $595. Write for spec sheet to 
CROWN, Dept. Dn.8, 1 Box 1000, 
Elkliart, Indiana, 465 14. 
Cifde IS on llcailrf Scn'itr dtrd 



The 
Feedback Loop 



ARNOLD SCHWARTZ 



• Two iiion tils ago I askwl llu- <|Ui'sti(>n. 
"What is tlic up|XT friHiiiiMics- limit of 
the disc reconliiin ')>'''> h;ii'k systi-in?" 
Ill tr>'iiig to answer this (iiieslion, an 
inipt)rtant disliiu tioii wastnadi' lii'twi-eii 
frequency respo)ise. and wavelength re- 
sponse. Tlie formtT is dctiiiiil l)\ tlu' 
Combined fre<nit'ncy rosijonso character- 
istics all the dc\ iccs in the record ']>ia\ - 
hack chain. TIh' latter is a characteristic 
of the iiiforniatiou (we call music "in- 
formation") process. This concejM of 
wavelenf»th res|X)iise is somewhat un- 
familiar in disc recordinj;. Last month 1 
co\cred the wa\elenf;th res|x)nse of 
the recordinj; process. This month 1 will 
dis<'uss the wa\elen)»th rt'S]x>nse of the 
complenientan.- process. pla>liack. 

PLAYBACK WAVELENGTH 
RESPONSE 

The iihono cartridge wavelen-ill) re- 
s]x)nse is also calli'd phiyback loss. The 
output of the cartridjie ar hinh frc- 
<|ilency lends to fall olT at inner di- 
ameters, that is. where the wavelengths 
are small. However, since the cartrl<lf;e 
does have a freipiency resixinse. the 
wavelen)»th response, or playback loss 
will Ite sui)eritii|M)sed on it. The basic 
cause for playback loss is that the disc 
is iiidentixl hy the pla\ l)ack st\liis. To 
understand the mechanism of plav liack 
loss refer to Kua ki; 1 which shows a 
playback sl\liis in a iiKKhilated groove; 
the groove hcinj; viewed 45 defjrees to 
the record surface. The followinf; critical 
features arc identitit'd: wavelenKih. tii> 
radius, tracking foriv. and the stiffness 
of the record material. In Kim Kic 1 the 
relative indentation of the pla> back 



sl\liis is de|>icted for three |K>ssilile 
cases. .At the left side t)f the drawing the 
tip is located on a section of unmodu- 
lated groov-e; the dolled segment indi- 
cates the amount of indentation. In 
the center, the ti]) is locatixl on a con- 
cave section of modulated groove: the 
groove contour tends to cradle the 
st\ lus. and the amount of indentation is 
less than for the uiuiiodulaled segment 
of the groove. On the right siile of the 
drawing the tiji is shown <)n a convex 
section of niodulale<l groove: the inden- 
tation will be greater than both the im- 
m(Klulati.-<l and concave modulation 
cases. St\ lus indentation is shown (see 
Fic.i KE 3) for a longer wavelength, and 
the indentations are virtualK' the sanie 
for all three cases. The difference in 
indentation between concave and con- 
\'ex segments of the miKliilation de- 
pends upon groove curvature as com- 
(Kired to the siv lus radius. .\s the wave- 
length decreases the groove increases — 
that is, convex ami concave sections 
become more pronounciti. .\s this cnrva- 



TIP RADIUS 




STIFFMESS OF- 
RECORD MATERIAL 

Figure 1. The playback stylus in t modu- 
liled groove. 
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How to 
record on a higher 

level ! 




With automatic peak control 

The CBS Laboratories' Recording Volumax Model 420 
automatic peak controller for recording: 

• permits higher recording levels without 
overloading. 

• eliminates the distortion of clippers and the 
thumping and pumping of conventional limiters. 

• provides the maximum peak output at all 
frequencies even as a function of record diameter. 

The completely solid-state Model 420 Recording 
Volumax is unconditionally guaranteed. 

• Stereo model also available. 




With automatic level control 

Unconditionally guaranteed to outperform ordinary 
compressors, or AGCs, the solid-state Audimax III 
offers the ultimate in automatic level control for 
recording engineers. 

The exclusive Gain Platform principle permits gain 
to remain on a stable plateau over a wide range of input 
levels rather than the continuous rise and fall — with 
consequent distortion, thumping and pumping, and 
audio "holes" — so frequently encountered with 
ordinary AGC amplifiers. Its unique Gated Gain 
Stabilizer acts to bridge through program lapses and 
thus eliminates "swish-up" of background noise. 



A special Return-to-Zero feature returns gain to normal 
during standby conditions. In short, the Audimax reacts 
to any gain situation in exactly the same manner as 
an engineer. Price: $625. Stereo model also 
available — $1,250. 




With the world's first 60 dB-wide 
linear scale meter 

The Model 600 Wide Range Program Monitor is the first 
monitor to combine the latest developments in audio 
technology with the reliability of solid-state design for 
accurate audio measurement and analysis on a single 
60 dB-wide scale. 

Where the standard Volume Indicator measures only 
the top 23 dB of signal level logarithmically, this new 
Program Monitor displays information from +3 to 
-57 dB on a single linear, decibel scale, thus permitting 
accurate reading of low level audio material as well as 
line noise during program pauses. The 0 dB reference 
settings are adjustable from +18 to -22 dBm. 

The 600 is also equipped with a separate DC output 
for graphic logging over the full 60 dB range or to drive 
a second meter for remote monitoring. 

While not intended as a replacement for the standard 
Volume Indicator, the 600's meter ballistics are such 
that its readings are compatible with VU indications. 
It's a practical program monitor as well as a valuable 
measuring tool. 

It is also available in a standard 19-inch mounting 
rack from which it can be easily removed for portable 
use. Price: $505. Rack mounted: $550. 



FOR FURTHER INFORMATION, WRITE: 

PROFESSIONAL PRODUCTS 

CBS LABORATORIRS 

A Division o< Columbia Broadcasting System. Inc. 227 High Ridge Road, Stamiord. Connecticut 06905 

C.iyrlc 2() on Reader Service Card 
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PATH OF 
INDENTED 
STYLUS 




STYLUS 
INDENTATION 



CONCAVE 
SEGMENT 



CONVEX 
SEGMENT 



Fisure 2. A playback styluf tr«cin3 » short 
wavelensth. 

tiirt' inrri-asfs iIh- difference in iiidt'iiln- 
tion ht'lvvecii conravo and roin ex st'n- 
nients iiureasfs. The dotted lines of 
FiGi"KES 2 and ,? trace the path of the 
styhis ti|). at its indented |X)int of con- 
taet. witli the fjroKve wall for a loti^ 
wavelength and for a short wavelenj^th. 
The plavhack amplitude of the short 
waveleiiKth is attenuated due to the 
differential iiideiilatiiin —although the 
recorded amplitude is thcs;imein Iwitli 
cases. 

Static groove indentation is af- 
fectcxl liy three factors. 

Stiffness of the record material, 
if the record were infinitely stiff", no in- 
dentation and therefore no wavelength 
losecs would occur. On the other hand, 
the less stiff (more compliant) the record 
material the greater will he the pku hack 
loss at short wavelengths. Since lac(|ner 
discs are less stiff' than vinyl, playliack 



Fisure 3. The same stylus as in Fisure S. 
This time it is tracing a Ions wavelensth. 

loss is more e\ ident on the lac<nier than 
the vin\l. This accounts for the <!if- 
ference in high fre(|iiencies sometimes 
encounters! when comparing a lac<|iier 
recording with the identical recording 
on a vinyl pressing. 

Playback tip radius. .\s the tip 
radius is reduced the differences in 
groove curvature liec(jmes relatively- 
less important. Kigcrk 4 descrilies this 
effect. .\ very small tip radius, and a 
very large tip radius are shown tracing 
the same short wa\elength. The in- 
dentation of the small tip is relatively 
uniform between convex and concave 
segments, and corrcsixmds to little or 
no plax hack loss. The large tip shows a 
large dilTerence in indentation hetweeii 
the segments and corresixinds to a 
significant pla> lock loss. 

Tracking force. If the tracking 
force were zero, there woidd he no 
playhack loss. .\s tracking force in- 
creases, indentation effects become more 
pronounci'd and playback losse.^ in- 
crease. 




Professional development courses for 

AUDIO 
ENGINEERS 
TECHNICIANS 

basic technology 

201- FUNDAMENTALS OF AUDIO TECHNOLOGY 

202- AUDIO/VISUAL PRODUCTION & TECHNIQUES 

intermediate technology 

101-STUDI0 TECHNOLOGY & PRACTICE 

advanced technology 

301- SURVEY: AUDIO SYSTEMS DESIGN 

302- HIGH SPEED TAPE DUPLICATING 

303- OPERATIONAL AMPLIFIERS- 
APPLICATIONS IN AUDIO 

304- STEREO DISK MASTERING: PRINCIPLES, 
TECHNOLOGY & TECHNIQUES 

305- INTRODUCTION TO AUDIO ENGINEERING 

The next session. Fall 1970, begins September 9th. Registration 
opens August 3rd and closes September 4th. 

Our professional development course STUDIO TECHNOLOGY & 
PRACTICE has enrolled, over the past year, nearly one hundred 
studio personnel (rom most o( the major New York City recording 
studios. For these technicians a vast amount ol information and 
technology has been organized into a coherent store of linowledge 
that can tw used daily in practical studio applications. 

For additional information write or call: 
institute of audio research inc. 

1S» fifth ovtnu*, new yarli, n.y. IO010 313 343.1915 



Figure 4. A com* 
parison of large and 
small tip radii as 
they trace a short 
wavelensth. 



Figure 5. Playback 
output as it appears 
when tracing a vari- 
able^wavelensth re- 
cordins at constant 
velocity. 



Fisure 6. The same 
situation as in Fisure 
5 except that the 
disc diameter is the 
constant factor. 



PLAYBACK LOSS CURVES 

Playback loss is best illustrated by the 
picl<iip response to a constant-freiiueii- 
cy, variable-wavelength recording. This 
recording is made by feeding a low-level 
high-fre(|uency tone to the recording 
head, and allowing the head to spiral in 
as far as is mechanicalK' ixjssilile. Next 
the record is ]>layed back and the i)ick- 
up output is plotted; the resulting curve 
will look like that shown in Fioi kk ,S. 
There is another wa\- of displa\itig 
l)la>back loss. In this case we record a 
glide lone (such as that found on the 
CHS STK-100 test record) at the mini- 
mum ]K)3sil)le diameter, at rpm. 
U\- playing the sweep back at 16-i 
rpm wc avoid the resonant region of the 
cartridge, and obtain a reasonably (lat 
fre<|uenc\- resixmse. When we plot the 
playback output we get the curve shown 
in FliaiKK 6. This ciir\e looks like a 
standard fre<|uenc\- response curve, 
which it is, but it is valid only for that 
one diameter. If the s:uiie recording and 
playback were made at the maximum 
record diameter the resulting resixtnse 
curve would be relati\eK' Hat to 15 
kHz. 




LARGE TIP RADIUS 




SMALL TIP RADIUS 
dB 
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CONSTANT FREQUENCY 



DECREASING DIAMETER ■ 



CONSTANT (MINIMUM) DIAMETER 



INCREASING FREQUENCY 



(iirrle 19 on Render Smiiif Card 
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If you buy a **stock" console, 
be sure you know how it's 
stocked 



By the time you finish adding what you really want, your 
■'slock" price is a long way off your budgeted figure. 

That's why we don't have a "stock" console. Nobody 
keeps things like consoles just sitting around. Instead, 
we have a basic plan. The RC 168. And it's a lot less 
basic than anybody elses. 

First of all, our basic plan is really planned. Thor- 
oughly. From every standpoint. 

For instance, it comes with complete patching. And, 
any input may be audexed with any output channel. And, 
the wiring is all concealed. And, there are three-knob 
equalizers on all the inputs. 

Moreover, this is one basic plan that stays effective 
for a long, long time. It's a true 8-track . . . meaning it 
will record all 8 channels plus stereo and monaural at 



once! And we've designed in an expansion plan to 
give you up to 24 Inputs at minimum cost and no addi- 
tional wiring. 

What's more, we never forgot that a mixer only has 
so many fingers, so long a reach, and can only see so 
many things at once. So, we made It easier for him. It's 
called "human engineering. ' 

Like eight pan pots. And slide pot monitor mixing. 
And an eye level meter turret. And a complete monitor- 
ing system. And more. 

You can buy a console for less. But you get less con- 
sole. 

We'd like to tell you more about our RC 168. Because 
there's lots more to tell. And when you hear our prices, 
you'll know it's worth hearing about. 



2 Cue Busses 



Audex Buss Selection 
and Monitor Matrixing 



Complete Tip Ring 
and Sleeve Patching 



Individual Control Room 
and Studio Monitor Level 
Controls Both Stereo 
Monaural 



& Stereo 
Pan Pots 




Drop US a note, or call us collect. 

AUDIO 



1fi Microphone 

or Line Input (ADM-700S) 

Wired lor up to 24 Inputs 



and Manufacturing, Inc. 

COMPONENTS 
& CONSOLES 

for audio recording 

15645 Sturgeon o Roseville, Mich. 48066 » Phone: (313) 778-8400 
Circle 22 on Reader Service Cord 
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Now... accurately measure 
speaker line impedance 

with the 
Mc Martin 
TX-700 
Speaker Line 
Test Set 

...a/so checks continuity and 
converts impedance to wattage 




Portable 
Solid State 

Impedance to wattage chart 
25 or 70.7 volt lines 



0 to 800 ohm test range 
Three step operation 
Continuity circuit 
400 Hz test frequency 



; available. 



/-V 1 i^i t One unit shipped prepaid $76.00, 
UrOer INOW I no. 763 battery $3,05. Quantity prices 

Mc Martin indfustries,inc. 

Dept. D-8, 605 North 13th, Omaha, Nebr. 68102 



Circle 2^ on Reader Sennce Card 
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CASSETTE 
ACCESSORIES 



Need to make a splice? Damage- 
free extraction and rewinding of 
cassette tape. Shown at DAVI 
Convention. Set of two tools, 
$14.95, check or M.O. 



RAWDON SMITH 

ASSOCIATES, INC, 

1735 20th Street. N.W. 
Washington, D. C, 20009 



I nmi tilts discussion iif playback 
w;n ek'iigtli loss we can sw that hecause 
of the iiuieiitatioii of the disc at short 
wjnvleiigtlis. tlie tip ratlins and the 
trackiiij? force set an upper freiiueiicy 
limit to the playback system at inner 
diameters. I-'xtension of the playback 
baiuhvidth iiivolws reduction of lK)th 
of tliesi- (|iuintilies. 

SUMMARY 

The upi)er frei|«eiicy limit of the disc 
recording, playback system depends 
ii]X)n a number of factors and upon the 
recorded diameters. These factors are: 
I'reqiiency resix)nse of the coiiiixmeiit 
elect romeclianical devices; \va\elength 
resitonse of the recordin;* pr(»cess: and 
wavelength resix)nse of the playback 
process. 

("iirrent best practice indicates that 
at outer diameters the system band- 
width extends to at least 15 kHz without 
significant losses; at minimum diameters 
losses are about ,? to 4 dM at kl Iz. ■ 



db 



Binders 

only $4,95 
postpaid 



Heavy-weisht binders are now available to 
hold a full year's supply of issues. 
Rich brown leather-grained virgin vinyl, 
with our name printed in black on the spine 
and front cover, is electronically sealed over 
rigid board to give your volumes of db 
lasting protection. Keep your copies pre- 
served in perfect condition, protected from 
dust and damage. 



Please send me copies ol the 

db Magazine binder. My check for 

I $ Is enclosed (sorry, no 

j cod.). 

I 
I 
I 

I Address- 
I 
I 



I 



Name- 



number dnd street 



I citY 



lip 



(New York State residents please add 
5% sales tax). 

Mail tor db, the Sound Engineering 
Magazine, 980 Old Country Road, 
Plainview, N.V. 11803. 



Circle 26 on licoder Scmicc Cind 
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Products of unusual irster&st 
to the Audio Engineer 



RANGER FREQUENCY/PHASE Checks frequency and phase response, noise and distortion, speed variation. 
RESPONSE TEST RECORD Designed to provide a precise and rapid evaluation of disc playback equipment. 

45 rpm disc of highest quality, no other equalization is required to interpret 

Othe recorded square waves. The 1 kHz square wave has a tilt of less than 1 % at a 
velocity of 7 cm/sec. Overshoot and ringing purely a function of replay. 
1 kHz sine wave useful for level and distortion measurements. Typical distortion 
measurements (using a 500Hz high pass filter) less than 2% . 
Silent groove for rumble evaluation. Permits measurement of signal-to-nolse 
of 50dB. A 3kHz signal recorded for standard flutter measurements. 
A most useful tool for evaluating any disc playback system. 
Test Record RRM-002-$6.95 



ERASETTE TAPE CASSETTE 
DEMAGNETIZER 




Utilizes advanced degaussing techniques with results equalled only by the 
most expensive laboratory units. If you use cassettes and require thorough and 
complete erasure of recorded material then you must try the ERASETTE 200B. 
You will be delighted at the performance of tnis amazing, yet inexpensive unit. 
ERASETTE Model 200B~-$15.95 

The recorded portion. of the magnetic tape can be read at a glance by a 
scale division of V4 second as accurately as a clock. 

The performance of the TAPE-TIMER synchronized with the tape, prevents such 
errors as caused by the elongation or contraction of the tape, and by the 
variation of speed in the rotation of the machine. Fast forwarding of the tape 
involves the proportional increase of the advance on the TAPE-TIMER. When you 
rewind the tape, the pointer will be automatically moved back by the space of time 
exactly corresponding to the rewound length. You are free to stop, rewind, 
fast forward, or forward the tape without deranging the timing on the machine, thus 
prohibiting errors. Enables you to simplify the most complex tape editings. 
Every rotating part is provided with a precise ball bearing, so that the 
TAPE-TIMER can be employed at high speed with no need of lubrication. 
This trouble-free high precision TAPE-TIMER, within an error of 2/1000, 
can be simply fitted to any recording or editing machine. 

(A) Professional High Speed Tape Timer (7Vi -15 I.P.S.) — $99.95 

(B) Standard Model {3¥*-7^/i I.P.S.) -$49.95 



CERTIFIED HYGROMETER 




Hygrometer No. 167 is certified to be accurate within :^.2%. The dial indicates 
the complete range of 0 to 100% relative humidity and each instrument has been 
tested at three different positions of the dial at temperatures ranging from 32' to 
230 F. 

Specifications: Casing solid brass with gleaming finish, black dial with white 
numbers and lettering, red tipped pointer, casing is drilled for wall mounting. Usable 
in temperatures up to 230 degrees. Dial is direct reading without any calculations 
whatsoever. Size 6 inches overall, dial face 5 inches in diameter. — $29.95 



SINCLAIR-AUDIONICS MODEL Z-30 
AUDIO AMPLIFIER MODULE 



To order send check or 
money order and specify 
quantity and item. N. Y. 
srate residents add 5% 
sales tax. All TIMEKEEPER 
products lully guaranteed or 
money refunded promptly. 
Add SI. 00 per unit for shipping. 



TIMEKEEPEF 

P.O. BOX 762 MINEOLA, N.Y. 11501 




Cir 



Extremely versatile amplifier module for a wide variety of uses. Boasts extremely 
low harmonic distortion of less than .02% at maximum rated output. Uses nine 
silicon epitaxial planar transistors in unique circuit with over 60 dB of negative 
feedback plus a constant current load to the drive stage using two transistor 
circuit instead of the usual bootstrapping technique. High performance, low cost, 
small size and utmost reliability. Two year replacement warranty. 
Power output: 20 watts continuous from 30 volt supply into 4 ohm load, 15 watts 
into 8 ohm load. 

Frequency response: 30 to 300 kHz - 1dB. 

Distortion: Less than 0.02% at 1000 Hz at full output and all lower power levels. 
Distortion on each end of the audio spectrum remains appropriately low. 

• Dimensions: 3V2 x 2V* x Vz inches • Noise figure: —70 dB unweighted 

• Input impedance: 100k ohms • Supply voltage: 8 to 35 volts DC 

• Damping factor: 500 —$15.95 
PZ-6 Regulated Power Supply for 35 volts up to 1.4 amps sufficient to drive 
a pair of Z-30's— $23.95 

PZ-5 Power Supply similar to PZ-6 but provides 30 volts up to 1.4 amp 
unregulated — $13.95 

lie 2S on Header Scmiee Card 



cr 

> 



o 



www.americanradiohistorv.com 



Theory and Practice 



NORMAN H. CROWHURST 



• The previous discussion just alMUit 
covered the main ]X)ints of difference 
with regard to liass speakers. Xow we 
come to something that should be 
easier: the speakers for the treble, or 
high fre(|uencies, right? Prior to the 
advent of stereo, maybe, but not since. 
This fact was proliably demonstrated, 
as well as any time, by the 3-s])eaker 
system introduced b\ CHS Labs more 
than a decade ago. 

In that s\ stem, the l)ass — l)elo« some 
fre(|uency such as 250 Hz was chan- 
neled from lx)th stereo channels to 
a single wcxifcr, which could be hidden 
under the sofa, divan, ottoman, chester- 
field, davenixjrt, or whatever you have 
in your home, while onl\- the middles 
and highs were fed to left and right 
streakers. The surprise for most people 
was that tlie\- could not tell that the 
lows were not also really coming from 
those same little speakers that handled 
the rest of the s])ectrum. 

Back in monophonic days, the ob- 
jective had been to get all the fre- 
quencies into the listening area, some- 
how, and with uniform res]x)nse at all 
fre(]uencies. If some fret|uencies came 
out "sidewa\s" and others "front-on", 
nobody really bothered, so long as tlie\' 
(-, came out equal. But stereo added a 
g; new dimension to change all that. 
^ In talking about stereo, I am assum- 

= ing that you have passed the stage of 
^ judging it by the ping-pong effect. 
X l)roduced by some of the early demon- 
stration records, where a trumpet from 
the left would be answered by a saxo- 
^ ])hone from the right. .Nowadays, for 



most of the time, all the orchestra ])lays 
at once, or according to the normal 
score at least, and stereo's job is to re- 
produce this normal liappening realisti- 
cally. 

Much work was done, in the earl\' 
da\s. determining the accuracy with 
which a listener could pin-|)oint each 
source of sound. But when the chips 
are down, does it really matter whether 
the (irsl clarinet is ,S or 10 degrees to the 
left of center? Is it a tragedy if it 
wanders as far as 15 degrees olT-center, 
so long as it sounds like a clarinet? 

(General concensus seems to be that 
the ultimate objective was not to identi- 
fy the exact location of every instru- 
ment or other source of sound, as much 
as it was l<i add a better illusion of 
realism to the reproduction. With this 
in view, the exact position ajiparentty 
occu])ied b\' every instrument is not so 
imix)rtant as having them sound like 
real, se|)arate, individual instruments. 

In monoiihonic days, the only sejiara- 

I 

Figure 1. How lo 

use sound reflec- , 

tion io help you, In- ""^\ 
stead of having it EFFECTIVE v 
fight you. The small POSITION OF ^ 
console, with its LEFT SPEAKER 
sound rcRected from 
the walls, makes the 
speakers sound as 
if they were further | 
apart than is pos- 
sible in a room of 
this size. 



\ 



tion |x)ssible was between one fre(|iiency 
and another, as etTected b\' crossovers. 
.Stereo brings in a whole new concept of 
separation: between different musical 
instruments or sources. A clarinet and a 
violin use most of the siuiie frecjuencies. 
To separate such instruments, all the 
fretiuencies associated with each instru- 
ment must be delivered to different 
units, or uniformK- distributed between 
them, so the instruments sound as if 
each is in one ])iece. 

This re(|uires sm(X)thness of fre- 
(|uency response for a (juite different 
reason from what made it desirable for 
monophonic. Failure of smooth per- 
formance on cither or both stereo units 
will result in some of the frequencies 
belonging to the violin being delivered 
to the clarinet, or vice versii. Both 
sounds will ap])ear deteriorated, or 
effective separation will suffer. 

Hut beyond this general re(|uirement 
of smoothness of res|X)nse, which has 
been brought within reach by modern 

CONSOLE WITH 
SPEAKERS 
IN ENDS 



LISTENING 
POSITION 



EP'^EC^lVi 
POSiTlOK 0'^ 
RIGH"^ SPEAKER 
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Discovery in the art of performance 



Find your sound! The Starmaker collection not only in- 
cludes microphones for many different applications, but 
—even more important— microphones to enhance the 
personal techniques of professional performers as well. 

You can choose characteristics like "flat" frequency 
response. Tapered low-frequency response. Switchable 
Bass Roll Off. A host of others. To make "today's" 
sound come alive— close up or far out. 

That's the way it goes up and down the Starmaker 



line (at optional list prices from $12 to $93). For pop. 
rock, and classical performers. At concerts, theatres, 
night clubs. In reel-to-reel and cassette home record- 
ings. For discussion/panel, paging, P.A., CB, and ham 
applications... you name it. 

To get specific, ask for the new Starmaker brochure 
1S1056 at your RCA microphone distributor or, write: 
RCA Electronic Components. Commercial Engineering, 
Section '66 H, Harrison, New Jersey 07029. 



And. remember, tor lurlher professional needs, RCA also produces ih 

Circle 23 



e renowned BK and SK microphone lines, 
on Reader Service Card 



RCil 



Starmal<er 
NfcTDphones 
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DONT MISS 
THE AUDIO 
ENGINEERING 
SOCIETY'S 
38th TECHNICAL 

MEETING 
AND 

EXHIBITION OF 
PROFESSIONAL 
EQUIPMENT 
AT THE 
HOTEL 

NEW YORKER 
OCTOBER 12-15 

AUDIO 

Q 



j teclinology, cimiputer-akleci design and 
I precision production methods, that no- 
tion of a single ideal louds]jeaker, that 
])erforins magic in any listening environ- 
ment, to which we referred in our pre- 
vious discussion, is even further from 
reality- than it was 10 years ago. 

Whatever is a good system — smooth 
frequency res])onse — ^and gives good 
stereo in one larticular environment, 
may not even soumi smooth in a dif- 
ferent environment. To achieve stereo, 
the system must use the acoustic con- 
ditions provided l)y the environment, 
not try to fight them. 

.An ideal environment is fairly dead, 
l)ut not too dead — like an anechoic 
chaml)er. .-Xs nol>od>' builds anechoic 
chambers to li\ e in, we need not worry 
abt)ut that extreme. A well-furnished 
room, with heavy, wall-to-wall carpet, 
overstuffed furniture in abundance, 
heavy drajics, acoustic tile ceiling, is 
pleasantK' dead. 

In this environment, the classical 
stereo theory works fine, ^'ou ]iut speak- 
er units, which should be sim])le pressure 
radiators, appropriateh' spaced along a 
wall where you want to visualize the 
stage, and you are in business. The 
modern, relatively small, well-engi- 
neered speakers ser\e this purpose well 
(ex'en CU's check-rated model). 

But downstairs maybe you have a 
recreation room, where you would 
also like to listen to stereo, and that is 
another stor\\ Hecause there \ou have 
tiled floor, bare or painted plaster walls 
— between the plate glass picture win- 
dows — and wrought-iron furniture with 
hessian slung over the iron for comfort: 
it may be as comfortable as the over- 
stuffed variety, but it is not as acousti- 
cally absorbent! 

Vou put the siime system that gave 
good stereo upstairs in here, and the 
£oimd batters round the walls, any 
sense of stereo lost completely. In fact, 
mono sounds better, using only one 
speaker. With all that echo, it sounds 
almost like stereo — more like stereo 
than stereo, in fact! Does this mean 
that true stereo is imjxjssible in this 
kind of enx ironment? 

Not necessarily. \'ou see, the classic 
arrangement does not want this kind of 
echo to make it work: the reverberation 
fights you. The trick is to make rever- 
beration your ally, or at least to stop it 
fighting you. Vou have two choices. 

One of these is the neat little console 
stereo that seems to ha\ e absolutely no 
separation when you play it upstairs, 
because the speakers are too close to- 
gether. 13ut downstairs, you put the 
console so the speakers bounce the 
soimd off the re\erberant walls that 
were lighting you the other way: use 
them! Now you have seiaration — more 
than the room would otherwise allow 
(FiGURK t). One room's meat is another 
' room's poison! 




afltfl OF 

USEFUL STEREO 



Fisure 2. The CBS "isophonic" arransement, 
demonstraled over 10 years ago, uses open- 
backed unib, angled and spaced so most 
of the room receives effective stereo. 

.Another way utilizes an ada])tation 
of that idea we referred to earlier. The 
rest of that CBS idea used dipole 
speakers for the middle and U])per 
frequencies: speakers with open backs. 
They called them isophotiic, as used in 
this way. For the purix)se. they arranged 
the s])eakers at a special angle (F]<;rRE 
2), such that their radiation produced 
interacting ]>article- veloc i t y fields, 
throughout the room. 

The i»per the CBS ]>eople presenti-d 
showed mathematical!}-, that by choos- 
ing this jarticular angle, in terms of 
accurate location of sound sources 
pt)rtrayed in the program, an accept- 
ably good stereo could be achie\ed 
through a major ]X)rtion of the listening 
area, which the then-orthodox and often 
antisocial conventional arrangement did 
not provide. 

Many ideas originating in CBS Labs 
have been quite st>phisticated — perha])s 
too sophisticated for the average .-\m- 
erican to ap])reciate. So their three 
speaker system never caught on at the 
time. Many allowed the fact that the>- 
knew the lows realh- came from imder 
the sofa to prejudice them into thinking 
that the low end "lost se])aration." 

Good program material for checking 
this is plucked bass strings. That will 
give you good location of soimd. but 
not by the fundamental low note 



Figure 3. Open-backed unib should not be 
placed Rat against a wall, or even angled, 
close to a wall, as shown here: it destroys 
their effect. 
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Figure 4. An arransement thai Fills a reflec- 
tive room with good stereo quite effectively. 
The open-backed units can be housed in 
open-type room dividers, the rest of which 
may be occupied by bookshelves, orna- 
mental panelling, or whatever the home- 
owner fancies. 

pla\e(i. Rather it is the pluck tone, 
with the follow-throiigli overtones, that 
cue you. But tr>' listening to an organ 
record with good peilal bass. Can you 
locate the source of the bass, left, right, 
or center, on an\' s\-steni — or even in the 
original auditorium? If seems to fill 
the room that is the nature of that 
kin<l of Uiss, which is all \ou will 



realK- find helow alwut 250 Hz. if \oii 
exclude everything al)o\'e. 

So ps\cholog\' is needed for selling, 
too. 

Hut what is virtually an adai)tatioii of 
the same principle is psychological!)' 
more acceptable: make those dipoles a 
little bigger, so they radiate the lows 
adeipiately in the immediate vicinit\-, 
as a velocit>-. rather than a pressure 
wave: normal ])ropagation does not 
tlevelop for a few wavelengths from a 
dipoie speaker, and then at much re- 
duced level, coni|)are<l with an etjuiva- 
lent pressure radiator. 

All the frecpieiicies now get the same 
treatment. This is what the so-called 
planar and co-planar speakers do. 

The ideal angling s])ecirie<l by CHS 
may be a little difficult to do. in the 
average room and using the bigger imits. 
To work properly, a dii)ole should be 
free and clear of walls. Putting it with 
its back to a wall, or even angled 
(FlGl-RE 3) loses much of its apparent 
out])ut, ]>articularly at the iiass end. 
because the proper veli)cit>- effect is 
destroyed. 

Hut ])ut the siime units edge-oii to 
the side walls, a little way forward 
from one end of the room (I'iuuke 4) 
aiKl you really hax'C something. Now 
the "CH.S elTect" is working again. 
The wall, symnielricalK' abutting one 
edge of the unit, increases its effective 
size, improving its bass capability. 



.\ good stereo illusion. e\en in a room 
with fairh- high rellectivitv, like our 
recreation room, can come from this 
arrangement. 

This arrangement is also eas\' to 
integrate with the decor: just i)Ut room 
<lividers. with shelves, deco''ative jianels. 
or what-have-> ou. where you want to 
mount the s])eakers. which should be 
about ear-level. 

In this situation, the realism is real- 
ized because >ou are being intltienced 
before the reverberation gets to you. 
The \elocity effect of the ccimbined 
fields from the two speakers reaches you 
at a higher level than the reverberation. 
.After this little bit of high-level action 
has convinced nou where each musical 
eoni[x>nent of the sound is sui)|»se<l to 
be, whether this is accurate or not in 
precise degree, the relatively low-level 
reverberation merely strikes \oti as 
being normal for the room. 

The traditional pressure radiators do 
not have this advantage, because tlie\- 
can oidy produce normal ])rop;igation. 
right from their \-er>- fronts: the>' have 
no accentuated velocity effects to ])lay 
tricks with your hearing. True the 
dipoie. or co-planar type (and \-ou must 
use a iKiir of them symnietncalK-, for it 
to work) achie\es this effect In- an 
acoustical trick. lUit isn't getting the 
most satisfactor>' illusion what high 
fidelitN- stereo or what-have-you — is 
all about? ■ 




NOW! 
ANEW 
SOLID STATE 

LA-2A(THE LA-3A) 

new half-rack size (3)^" high) ^ lower noise * new low price (under $400.00) 



THE NEW TELETRONIX LA-3A LEVELING AMPLIFIER 

The LA-3A is all new! The only thing left untouched was the exceptional perfor- 
mance characteristics of the LA-2A. The electro-optical attenuator, that made the 
LA-2A so popular, remains the same, but that is where it ends. Improvements In 
overload characteristics, and signal-to-noise ratio add to Its performance. We've 
squeezed its size. Two LA-3A's can now be mounted side by side in only SVi" 
of rack space. The all solid state LA-3A has more output power (-H25dBm, vs. 
-i-IBdBm in the LA-2A). The new contemporary styling will look great with your 
existing equipment. Send for complete technical details today! 




11922 Valerlo Street. No. Hollywood, 
California 91605 (213) 764-1500 

Exclusive export agent: 
GOTHAM AUDIO DEVELOPMENT 
CORP.. NEW YOHK, N.Y. 
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beyond 

the state 
of the art 




SPECTRA SONICS announcS^ralk-moonfing limiter/eom- 
pretsor so new — in both concept and perfonnance — ^that 
it requiras a new name! COMPLIMITER'"*. It performs the 
■^functiont of peak-limiting and volume-compression, 
■either independently "or simultaneously, as a direct func- 
tion of the type of program input and amount of compres- 
sion desired with "performance that is unequaled by most 
linear amplifiers! As the fastest of all peak'-limiting de- 
vices (100 nanosec. to 2 mi!rosec.),V*<^l(-li'"i'i'>g ^ 
employed with no audible distortion T>f any kind, thus 
allowing undistorted recordings (typically less than 
5/100lhs of 1 %, 30 Hz to 20 kHz) at significantly higher 
than conventional "0" VU(+4 dBM). Available only on 
the Model 610 COMPLIMITER"*: visual lamp indication for 
essentially instantaneous peak-limiting and also for sys- 
■tem overload; continuously variable compression ratio 
from 1.1:1 to over 100:1. For the smoothest inaudible pro- 
tection available, order your Model 610 COMPLIMITER"*. 



Contact your distributor, write or telephone: 



PECTRH XDNICS 



L & A D E R 



7.7 0 Wa II .Ave. 



m 



Ogden, Utah 84404 



sTTl - 3 9''2 - 7 5 3 1 



•U. S. Paieni No. 3,376,515 ond other Poientj Pending 
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New Products and Services 



POWER AMPLIFIER 




• Into a l^'i-incii rack iiioiiiii forni is 
set a basic stereo amplifier that will de- 
li\-er ?iO watt!, per cliatmel into S-ll loads 
at 0.05 per cent t.lt.d. Hum and iioihc- is 
100 dB down front full ouipiir. band- 
\vi<Irh :tl dH is 5-50.000 lU at full 
oiilptii and Oiiiipk'te stal)ilit\ at any 
load IS assured. The circiiirr\' is fidlv 
protciied ajiainsr wrong loads, or no 
loads and will dri\ e an\ load from 41; to 
inliniiv. Dual channel le\el cotitrols 
and headphone jack are front -panel 
tnoirntcfi. There are two rear-panel (nit- 
piit and input jacks per chartnel. 
Mfr: Crnuni I nieniatiniwl 
Price: $225 

Circle 70 nil Reader Sen ice Card 



2-INCH TAPE SPLICER 




• llditing ol rwo-iiich aiiJio tai)e is 
siniplilied with the inrrodiiriioii of rhe 
KA-2 e<liting kit. With this kit. editing 
of wide tape can be done with less than 
a onc-ilionsandlh of an inch spacing 
betueeti the rape ends. In addirion to 
this block, which is niacliinod frani 
akitninuni and uses four letainitig lin- 
gers: a one-inch lajie block also is 
available. 

MJr: Joel Tall, Inc. {hlpa Marketing) 

Price: $75 (two-inCh) 

Circle 55 on Reader Service Card 

*- Circle 27 on Header Semicc Card 



VU METER 




CASSETTE DEGAUSER 



• .\ll the standards of .\S.\ Standard 
C16.5-1Q54 are met b\ the model 7045. 
.\'e\\ design [lennits nioiiniing on the 
lianel front, or behind the jianel with 
either an oi)tional bezel or lens kit. The 
tneter has a riigge<i phenolic case and 
front, with a glass window which is 
scrnrch-proof atid free of static elec- 
tricity. Size is 41 2 inches. Either .\-r\ pe 
or H-t\ pe scales nia\- be sjiecilied de- 
lietuiing on the need. 
i\Ifr: . 1 PI liistriuiieiils Co. 
Circle 65 011 Reader Sen' ice Card 




• A new Ijai icrv -operate<l <legaussitig 
and erasing unit, desigticd expressK for 
cassettes has receniK been marketed. 
Recorded signals ai full rape saturation 
are reino\ed to —65 dB. Size of the 
utiii is 4 X 34 X 2+ inches. The 200B 
Ijaseiie uses four .\.\ batteries iti a 
self-contained i>atter\' jjack. The total 
system is thus self-contained, and a self- 
storing plastic hatidle is included to 
facilitate the handling of cassettes. 
Mfr: .\fa)inesniiirs Corp. 
Price: $15.05 

Circle 57 nii Reader Service Card 



ELECTRET CONDENSERS 



• Two similar models, n!CM-50 and 
RCM-51 share excellent transient re- 
sponse and sensit i\'it\ . Both are onini 
dii'cciion niics designed for profe.ssional 
use. n he ECM-50 is a lavalier tie-tack 
less than ^'g-inch long atid weighitig 
utider I oz. The battery power suppl\-. 
transformer and Cannon onlpul con- 
tiecior arc contaitied in a se]xirate jiack- 
age interconnected b\ a 10-foot cable. 
rre(|uenc\' resjiotisc is 50-16.000 Hz. 
The luMC-51 has been desigtied for 
on-lhe-s]x>t recorditig of news-t\pc 
e\'ents. -A telescopic wand acts as an ex- 
tension of the reporter's arm. Frequency 
response is rhe satiie as the F.CM-50 
model. Both mics useelectret Condenser 
principles of operation; for Ixnh. battery 
life is up 10 6000 hours with a nierciir\' 
cell. 

.1 Ifr : So iiy-Sii persco pe 
Price: $195 (each iiio<lel) 
Circle 5 J nil Reader Service Card. 
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DOLBY B SYSTEM 




• Ihis iniir. though ciesiKucd pri)iiaril\- 
for home use nia\ find its ua\ iiiln 
Hmiied use professioiuilK . It utilizes the 
Doll)\ \i circtiitrv whicli is siiigie-Uaiul 
and only otters reduction of iiigii-lre- 
<|iiet>c\' noise (hiss). Ahhoiigh mann- 
lactured uniier licent*. qtiHlirv- is niain- 
tained and DolbN o|ieration within the 
single channel iscarefnlK omtrollefl for 
balance. The model 100 is two-channel 
(stereo) with Ixith record and play com 
|)eiisaiion circuits bnilt-in and sclectalile 
se[Taratel\ . 1 lie dejjree of noise rednc 
tioti is as tiiiich as 3 dii at 6011 1 Iz, 6 d H 
at 1200 Hz. and 10 d3 at 4000 Hz and 
above. I.e\el lalance meters are in- 
cliideti :is are both a reel and cassette 
tai)e of |)recisely-recordecl level tn as- 
sure |ir(>|)cr match (if the indiviiiiial 
recorder plaver to the model 100. 
Mfr: Ailvrnt Corp. 
Price: $250 

Circle 72 on Render Senicr Card 




SYSTEM ANALYZER 




• Mere is a nuilti-|)iir|»»e solid-state 
instriinient for measuring tret|uenc\' 
reb|X)nsi.' and harmonic distortion. The 
incKlel 6100.\ S\steni .\iialyzer contains 
a low-distortion sine-wa\ e oscillator and 
a.c. \olf)iieter. Both cover a range ol 
10 Hz to 10 )nflz. The 2iul and 3r(i 
harmonic anaUzer is unusual in that it 
has both automatic lre(|Lieiic\- control 
and also automatic level co)itrol. This 
lenioves the need lor nianiiai resetting 
of the reference each time input levels 
are chanj^ed. 11. il. measitremeiirs ma\' 
lie made from 101) 1 Iz to 1 mllz on full 
scale ranges of 10. 3. 1, and 0.3 per cent. 
Originalh desigtied for tape recorder 
measiiremenis, the device is also suit- 
able asa general (nn |X)se test instrument 
lor studio and broadcast use. 
Mfr: Data Measurements Corp. 
Circle 5C on Reader Service Card 



• l ADI'X is the name gi\en to this 
(le\ ice that goes into a line-level circuit 
to automate and ciniiro! \ariable timing 
of fa<ling in si'paraie channels. I'atie 
time o])eiates in incremenis as short as 
one setx)n«l and can be set anywhere 
from tlieie to seconds. T he <le\ ice 
also makes it |X)ssible to program a 
rape and have a lade initialed al any 
gi\ en i»int, either /(/> or down. Repeat 
ability is assured through automation 
and (|uality citcuitry. and ma\ be tan 
denied together and operate*! from a 
single set of controls. Illuminated pusli- 
buttons on the face ol the module 
alwa>s show its state. There ate three 
\ersi(ins of the F.\DEX: (424) coni- 
binntion fade up down: (424.\) lade 
down only; and (424B) fade up only. 
Affr: Audio Designs and Mf^.. Inc. 
Circle 6 J on Reader Service Card 



CASSETTE DUPLICATOR 




• C-IOOO is the designation for this )iew 
duplicator system designed locopy from 
reel-to-reel to lour cassettes simultane- 
oiislv. The master machine is two-speed 
at 60 or 30 in. sec. 1 p to se\e)i-inch 
reels are accommodated. Rewitid time 
is approxituaieK- 30 seconds lor a full 
reel. Tlie track conliguration is two- 
track mono with lx>th tracks duplicated 
sinuiltaneDusly. (A four-iiack version is 
also available.) Fi.ved lecord speeil of 
the slaves is 15 in. sec. Other leaiiires 
include auToinatic tape lifters, solid 
state logic controls to dela\' cassette 
starts luitil full siieed at the master is 
achieved, atid one-button s\siem starts. 
.\dditiotial slave svsiems are available 
for greater capacii\ . 
Mfr: Pentagon Industries. Inc. 
Price: $3750 two traclr. $4650 four track 
Circle 52 on Reader Service Card. 



CARDIOID MIC 




• This latest [hnamic is ruggetl, c.\- 
t:reniely wide range, and has been de- 
signed lor recording studio and broad- 
casting critical use. 1 he Kn20 case is 
machined from solid steel Ijar stock, 
and the unit has built-in shock tuount- 
ing ami electrical shielding. It is unaf- 
fected !)>■ hard use or abuse. .A built-in 
pop I'llter eliminates any breath or wind 
noises, and an e.\ternal moimt including 
e.\rra shock pmtecrioii is a\ailable for 
boom or stand use. T he cardioid pat- 
tern is Slated to be exrrenieU tmiform. 
Off-axis response is virlualK as llal as 
on-a.\is, with ma.Ninuim rejection de- 
signed for typical Ixiom and stand use. 
.-^ bass tilt-dow n switch aids in reducing 
siudio t umble. Finish is fawn beige. 
^ If r : Lleciro- 1 'oice. Inc. 
Circle 67 on Reader Service Curd 



AUTOMATED FADING 
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LINE AMPLIFIERS 




STEREO HEADSET 



• Tliis series otTers eiicapsiilatid low- 
waitage output amplifiers. '["Iirec are 
(iesigneci to operate from 110 V a.c. 
into speaker impedances aiifl the foui rli 
opt'raies from 12-14 V <l.c. Sensitivity 
tor full output of each is al)oui 100 mV, 
ininit impedance is 20 k, distortion at 
l:alf [Muer is on the order of 1 per cent. 
The a.c. rritxiels come with j>ci\ver sup- 
plies atid a 500 h pot Iniilt in and have 
an on oil switch. Haiidwidth ( — 3 dii) 
of the a.c. models is 50 to 40,000 Hz or 
letter; rlie d.c. model is limited to a 
lower range of 150 I Iz. 
Mfr: Pulse Dynamics Corp. 
Circle 66 on Render Sen ice Card 



REPLACEMENT RECORD AMP 




• Solid-slate re])lacement arnplilieis for 
\ariotis Atnpex recorders a'e a\ailal)le. 
These are direct-replacement electronics 
sets that are designed to ftrlly match 
the original equiptiient on .\m])e.\ .^00, 
,^50-,^51, atid 354 machines. The factory 
pre-aligns each am])hTie[- to typical 
-Ampe.v heads. (In the case of the .-\mi)e.\ 
354 the replacement module will be a 
play-only electronics set.) Replacement 
of original electronics with these modules 
is easy and take little time. 
Mfr: United Research Lab. Corp. 
Prices: vary according to model — HI.'iM) 

for 2-track 350 electronics 
Circle 71 oil Reader Senice Card 




CARTRIDGE HEAD ALIGNER 




• This is not a new moflel. hut a rede- 
sign of the 100 series stereo headsets. 

Iniernally. it has heen Changed to gi\e 
smoother resjjonse. more rugged \-oice 
coil srructiue. heitei' transients and 
more low frec|iienc>- otitpui. Suhjective- 
K. the wider bandwidth is ai)])arent. 
The im|)ro\c<l models will carr\' the 
designation •■.\" as in 100.\ (17S2). 103A 
(300!«), and 106.\ (60()i>). The trans- 
duer is dynamic, moving coil with a 
Mylar cone and ceramic magnet. Power 
input can l>e up to one watt. Distortion 
over theatidio hand is stated to he less 
than 1 |)cr cent. 
Mfr: David Clark- Co. 
Circle 56 on Reader Service Card 



• A new concept in accurate cartridge 
machine head alignment makes what 
was imi)ossil)le. eas> . Precision align- 
ment of the heads in all three a.\es. 
height zenith, and azimuth, are [wssihle. 
The Collimeter 11 is built to XAH 
specilications and may be used with all 
stereo aitd mono machines hy mami- 
factitrers. l)roadcasters, and service 
technicians. An internal light source in 
one mode illunu'nates the head for align- 
ment of the pole pieces to the height 
and azimuth crosshairs. In the second 
mode, the indicator lamp triggers only 
when sensors detect the proper zenith. 
The instrimient measures 7/8 x 1 2 .x 
41'2 inches. 

Mfr: Ramko Research 
Price: $13.05 

Circle 60 on Reader Sen ice Card 



PROGRAM EXPANDER 



• VIodel 500 is a keyablf program ex- 
pander in which the instantaneous gain 
characteristics of the program material 
maj be \aricd over a 60-dB range. 
This may be a function of the program 
material itself or as a fimction of an 
e.vternally-appliod ke\ ing signal. The 
uses are tiiany: .\ multi-track tape 
noise re<luction de\ice of up to 60 dH; 
art electronic mtisic source ihrotigh 
modification of attack and decay char- 
acteristics; a de\-ice useful for ^emo^■ing 
echo, room sotnid atiil studio leakage, 
and for achieving ])resence; and a dy- 
itamic range e.xiiander callable of up to 
60 dH of linear gain e.vpansion. The 
basic rnodiile is a 1- by 7-inch illtinii- 
nated epoxy-molded strip in plug-in 
form. The comi>any is otfering .a 7!-^ 
in. sec. ta])e of actiral programs that 
have been processed (before ami after). 
Mfr: Allison Research (Kepe.y) 
Price: $275 (console mounting version) 
Circle 51 on Reader Sen-ice Card 
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STEREO CONSOLE 




• The QRK-5S features a pliig-iii cut 
amplifier for its five-cliarm^"l stereo ca- 
pahilily. The amiililier will drive a 
built-in speaker as well as front-panel 
phone jack. There is also a built in 10 
watt stereo inonitor aniijlifier together 
with two i^hig-iii audition amplifiers 
identical lo lliar used in the lineanipli 
hers. Ttie console weighs all of M Ibb . 
and has diineiisions of 20^2 \ 2 .« 12 
incites. Up 10 nine stereo audio inputs 
can lie handled with internal niixdown 
to a sitigle stereo output. 
^ffr: QRK Elcclroinc Products Inc. 
Price: $1595 

Circle 62 on Reader Service Card 



SOUND READER 



EIGHT-TRACK PACKAGE 




• A transistorised sound reader for 16- 
iiiin magnetic filtn is now available r'l'^ 
olfers instant: warm-up. one enclosure lor 
sotind head, amiiiifier. and sjieaker. and 
easy nioiitiring to the Ijase of most film 
viewers. 

^^fr: Satellile hilm Sfrvi.ee 
Prite: $-^9.95 

Circle 6/1 OH Header Service Card 



LINEAR MOTION FADER 




REVISED LIMITER 



• A recently developed attenuator uses 
no sliiling contacts, thus making it im- 
fxjssihle to introduce such noise. The 
control is unaffected lf\ dirt, dust, 
corrosive atmosphere, or humidity. At- 
tenuation is siepless and smooth, with 
infinite resolution. The ii-ual insertion 
loss is notablv- reduceii. 
A/fr: Moser Development Co. 
Circle 58 OH Reader Service Curd 




• The 1176 limiting amplifier is now 
available with a further reduced signal 
noise of 6 dB (now at —81 <IRm) thus 
putting it below the le\-el of aiidibilitv . 
In listening tests, this is said 10 be con- 
firme<l. The new model is now designated 
1 1761-X ami may be i<lenTifie<l b\- the 
conteniiX)rarily st} led black front panel 
with white letters. Owners of older 
11 76's will be pleased to note that a 
low-noise retrofit kit is a\ailable for 
most of the units now in use. The kit. 
designated 1176RFK will s^ell for S40.00 
and factor\' installation is ;u ailable. 
Mfr: UKEI 
Price: $489 

Circle 69 on Reader Service Card 



EARPHONE 



• Model MRU is designed primarily 
for recording studio operators requiring 
a single eari}lione. The unit features 
2t)(lOQ impedance for u^e where nuilriple 
headsets must bridge lnw impedance 
cue lines. Twenr\ feet ( f flexible cable 
with standard phone plugs are included. 
1 he phones are cushioned with ])ad<ied 
vinyl. 

Mfr: Studio Engifseeriiig Considtaiils 
Price: $9.95 

Circle 64 011 Reader Service Card 





• The J 1 1-8 is a compact package that 
offers meters, control modules, and 
equalizers, all in plug-in configuration. 
Tlie close placement of illuminated 
meters and controls facilitates eas\ de- 
termi nation of volume levels and chan- 
nel operations status. The s\ steni fea- 
tures reproduction and ovenlub level 
calibration and high track-to-track uni- 
fortnitx . .\ 16-inch cold rolled steel 
frame provides ample support tor the 
mounting. The s\ stem is expandable to 
sixteen and twenty-four track configura- 
tions. 

Mfr: MCI, Inc. 

Circle 61 on Reader Service Card 



PHONO CARTRIDGE 




• .\ new cartridge with an elliptical 
playback st\ tus has been introduced as 
the model 681SE. It is intended lo fill 
the intermetliate range for which the 
standard ellii)ticals are too sensitive, and 
the spherical configurations give less 
I>erforniance than the elliptical. V>e- 
f>endability from a broadcaster's point 
of view isa primary factor in this model. 
The trade-ol'f of reliability against (jual- 
it\ is resolved. gi\ing the broadcaster 
the best of both worlds. Other 631 series 
features including the groo\e brush 
built into the reiTio\'able stvlus assem- 
bly, excellent shielding, and high out- 
put are retained. 
MJr: Slaiilon Magnetics Inc. 
Circle 54 on Reader Service Card 
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Four-Channe 



Stereo 



JOHN EARGLE 



Four-channel stereo sound is here to stay. 
The consumer market can be depended 
on to demand more and more of it. However, 

the methods and configurations in which 
it will be siven to the public are not so sure. 

A recent N. Y. AES Section meeting 
was given over to the exploration of proposed 
playback systems. 



ON M.\K(H 17, l'>7(). it v\;is my ])rivilcf;f to lie tlic 
iiKKleralor at a New 'S'ork Section AliS meeting 
devoted to four-channel stereo sound. Pirkinn a 
group of i>anelists for the ev ening was particularK 
difficult, because there are so iiian.\- (jiialilied ]ieoi)le in the 
several disciplines niakinj; the four-channel scene. \\"e 
liad jim CimninKhani. whose forte is miking techniques: 
jerr\- Minler. who has pioneered in ultra-short wave-length 
disc recording;; I'eter Scheiher. whose roinpatilile "4-2-4" 
method requires only Ivo transmission channels; and l.eonar<l 
E"eldman. who with Hill llalstead. has proposed one of several 
KM nuiltiple.\ systems for transmitting four discrete channels. 
We were indebted to RCA Records for providing their new 
Studio A for the meeting; I don't think that any other room 
in New York could have provided the sp:ice and facilities 
which were necessiiry to make the meeting a success. 

In the following ]iarasraphs 1 will review the presentations 
of each of the |Kirticipants and give an indication of audience 
reactions. Following this. I will give niy assessment of the 
current status and future of the four-channel stereo phe- 
ntmienon. 

JIM CUNNINGHAM'S PRESENTATION 

I insisted on having Jim Cunningham jxirticiiMte in this 
program because of his ]>ioneering work in the four-channel 
field, Tetraphonic. as he cho<)ses to call it. ! first heard his re- 



Jnhn Eargfc is chief engineer of .\ferciiry Records, Xrw i'ork. 



cordiiigs alHHit four Ncars ago. and that material, some of 
which we heard at the meeting, is still about the most natural 
that I have heard anywhere. 

Cunningham gave an outline of his recording ])hilo.'«>])liy 
and provided ixTtinent examples. Despite an initial mi,\-tip 
in siM-aker as.signment, the e.\am])Ies came off with astonishing 
success. It is difficult to imagine MH) ])e()ple listening to four 
loudspeakers and hearing as much as the\- did. Subtlety 
is the essence of his approach; the rear channels arc not so ilis- 
placed in time and overlay wt with reverberation as are man>- 
examples currently niaking the routul.s. Rather, the four 
channels are balanced in such a way that listener location is 
not so critical. .\s a restdt. more people coukl hear the ex- 
amples well. 

JERRY MINTER'S PRESENTATION 

Twelve years ago, Jerry .Minter detuonstrated a two-channel 
disc which had been cut with a mono cutting head. The 
technic|ue was analogous to current fm practice; the sum chan- 
nel was recorded in the usual analog fashion, while the dif- 




Figure 1. The p«nel. Left to right they are: Jim Cunningham, Jerry 
Minter, moderator John Eargle, Peter Scheiber, and Leonard 
Feldman. 
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fereiice channel x\ as recorded, laterally as well, as a modulated 
carrier at a reduced lex el. The strides made in phonograi)ii 
cartridge design in the last twelve years have made it iiossible 
for M inter to adapt the technitiue to the geometrv- of the 
standard stereo disc. This time, the two analog channels 
carr\- information for the left-front channels, ami the two 
carrier channels conve\- the two rear, or ambience channels. 
,\linter ixjintcd o\it that the two carrier channels would he 
limited in both band-width and signal/noise ratio as com- 
pared with the main, or analog, channels. As it did in l'),S8, 
Winter's nietluxl retiuires sophisticated plav back machinerx . 
I'erhaps integrated circuitr>- could make the system more of 
a commercial iwssibility than before. Certainly if the disc is 
re(|uir«l to convey four discrete channels and also be com- 
patible, then an approach such as Minter has taken is the 
onlv one on the horizon. The s\ steni was not demonstrated at 
the meeting. 

PETER SCHEIBER'S PRESENTATION 

The nustiipie which had surrounded the Scheiber s\stem 
for many months probably contributed in large jiart to the 
g(xxl attendance that evening. Many people were waiting 
for a demonstration and an explanation of the system. 
Demonstrations there were, but Scheiljcr's explanation of 
his method was so abstract that \ er>- few in the audience were 
able to grasp even its fundamentals. In realitx-. his system is 
\-ery simple and remarkably effective on certain kinds of four- 
channel program material. 

Scheiber is using a combination of standard matrixing and 
signal expansion techniques. The encoding of the four inputs 
into the two-channel mode is ])assive; it invoU'es only the 
assignment of the four inputs to specific directions in the 
stereo record groove. One such array might be the conven- 
tional left-right sum-ditTerence aspects of the conventional 
stereo jirogram i)air. It is characteristic of such a matrix arra\- 
that the four inputs can be recovered b\- simple signal atldi- 
tion and subtraction, again in a jxissive manner, with each 
signal crosstalking into the two adjacent loudspeakers down 
i dB. Scheiber's ])layback sxstem is not content with this 
crosstalk factor; it is constant by shifting the value from dii 
()\ er a wide range, and it can ecjual the channel isolation of a 
discrete four-channel system under certain input conditions. 

The truly uni(|ue part of the Scheiber system is this elabor- 
ate gain-riding scheme, and Scheiber's recent elTorts have 
been directed at optimizing the gain-riding for undetectible 
action on the wi<lest variet\- of program input. 

LEONARD FELDMAN'S PRESENTATION 

I'eldnian and ! lalsted are taking that iiorlion of an im band 
normally utilized for sc.v broadcasting and reassigning it to a 
pair of sub-carriers which are used in the transmission of two 
additional channels. Feldnian discussed the transmission 
scheme in detail, and he mentioned other proixised svstems 
for accomplishing the same ends. In the Feldman-I lalsted 
s\steni. the two front channels are transmitted in normal 
I'M stereo fashion, while the two rear channels are carried 
b\ frei|uency modulated sub-carriers at 69 kl Iz and ')! kHz 
respectively. Feldnian stated that the s>stem is conii)atible 
S "ith normal two-channel stereo listening to the extent thai 
? the listener in the two-channel mode will hear only the two 
% l>rimar\- channels. .\'o di'monstration of the s>s1eiu was 

on . ' 

^ given at the meeting, 

=g THE OUTLOOK TODAY 

In spile of the general bearisliness of the ironimi)-, the lour- 
^ channel phenomenon is gaining momentum. RCA is releasing 




Figure S. Peler Scheiber describing his system. The drawing on Ihe 
board is left from «n f.m. system that had been described by Leonard 
Feldman. 



discrete four-channel material this summer u.-iing the stereo- 
eight format. Tracks 1. ^. 5. and 7 will be used for one pro- 
gram and tracks 2, 4, 6, and 8 for the other, Wmguard lias 
been on the market for some time with open-reel in-line four- 
channel taix-s, but the lack of pla\ back hardware has neces- 
sarilv slowed the growth of that o]XMi-reel market. RCA and 
Motorola will lx)th intrt)duce pUuers ■f<)r the Quad-Eight 
foniiat. and those players will be compatible with con- 
ventional stereo-eight cartridges. 

Right now there is a kind of "decibels vs. dollars'" battle 
going on. and the Scheiber system is at the heart of that 
battle. Since the March meeting, the .\dvent Corixiration has 
become a licensee of the Scheiber system, and they have built 
a decixler which will sell in the SI 20.00 range. They have 
demonstrated the device with great success, and their in- 
tentions are obviously to get recording comjianies to issue 
their normal two-channel discs and cassettes in Scheiber 
form. In that fomi. the product will also play back in two- 
channel stereo with no degradation, thus going away with 
an\- need for double inventory. Advent hoi»s to convince 
the recording industry that the dilTerences between Scheilier's 
four channels and four discrete channels are small enough 
to be more than compensated by the system's two-channel 
compatibility. The decision should go beyond the engineering 
and marketing areas; record producers must evaluate the 
system and determine for themselves if the varying channel 
separation of the Scheiber system is good enough for their 
])uri)oses. 

In the months since the AIvS meeting there have been 
demonstrations of at least two i>roixjsed fm discrete four- 
channel systems, including the Feldman-Halsted approach. 
These have been local, short-range transmissions, and lhe>- 
haw apparently been quite successful. Here in New ^ ork 
there are plans at station \V^■^'C to brtuidcast four discrete 
channels exiKTimentallv-, using the Feldman-Halsted system. 

Still another phenomenon has come up reccntlv-; Uavid 
Haller of Dv naco. long a pioneer in audio and proiH)nent of 
siniplicitv , has come up with an elegant but simple scheme of 
wiring four loudsix-akers to two ix)wer amplifiers so that the 
speakers are fed the left, right, sum and ditTerence aspects 
resiK'ctivelv- of the two stereo programs. Xow, if a record is 
I)repared with four inputs assigned to the left, right, lateral, 
an<l vertical nuxles of the disc, this record will phiv back 
over Haller's arrav- csaclly like the .Scheiber svslem without 
gain-riding! Haller claims also that his array enhances 
nonual stereo program material by isolating the vertical, or 
dilTerence. mcxle, which is likelv to be heavilv reverberant, 
and having it appear behind the listener. This has been dem- 
onstrated with astonishing success, and all that it takes 
with most svstems to implement the dilTerence channel is 
simply a third loudsiieakcr, a 10-watt 25-ohm rheostat, and 
some wirel Dynaco will i)rovi(le details on request. (.See 
I.KrrKKS. page 2. \-A.\ 
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Fi3ure 3. Durins four-channel stereo demonstrations, the large 
crowd in RCA Victor's studio A milled around (or Comparative 
listening. 



OUTLOOK FOR THE FUTURE 

l iu' disc' is still kiiiK. ami the (inl>- \\;\y it can ln' a iKirt i)f tiic 
fditr-i-iiannt'l srcne, at least iiiilialK-, is tlirminh a matrix sys- 
tem. Since Scheiher lias a niimiiij; start on the otlicrr- it is 
loKicat to assiiiHc that it is the one vvliicli will he a<loi)te(l. 
Now comes a hifi i|iiestion: can a record c()m])any ()])t for hoth 
matrix and discrete four [liannel s\ stems? I'littliif; it another 
way, if a company feels that the Scheiher a])|)roach is nood 
enoiiph for discs, how can they lo^icalK' justify Roinn to four 
discrete channels for their la])e ])r(K]tict? There is nothing 
new alMHit coexistence in the reconi hiisiness. and it's not 
necessarily lof;ical. either. .My own htinch is that the <lis- 
crcte approach will <lomitiate the two formats where it al- 
ready has a foolliohl. rcel-to-reel lajte and Qiiad-ICinht. The 
cassette will |)rol>al)ly go hoth wa\s initialK-. while the disc 
will he ("irmK- in the matrix camp. Minter's <liscrete four- 
channel disc is still i)relty far awa>-. and it can he ilisc<ninte<l 
as a force in the current hardware name. 

IC\en thounh I-.M is caiKihle of four discrete channels, 1 
suspect that it will fall into the matrix camp. There are two 
reasons for this. I'irst conv erting to four discrete channels 
involves a long I'CV investigation. ex[)ensive transmitter 
modifications, as well as getting (ilayhack eciuiimient into 
the field. The second reason is that the largest iirogram in|)iit 
to F.M stations is the disc, and it would make no sense what- 
ever to use a discrete system to transmit four de-matrixc<l 
channels! The ultimate direction of i m would of course de- 
pend on the nature of the ininit material to the stations. 
If the ]X)])ular esthetic judgement should, after prolonged 
listening, lean toward four discrete channels, and if tape 
should dci)ose disc as king, then km wotihl follow suit with 
one of its discrete jxissihilities. Btit this is not likely to hapjjen 
in the near future. 

The general enthu.siasm for a matrix system is hased upon 
its minimal investment on the part of the consumer and the 
fact that it will not require a double inventory- at the retail 
level. For the record manufacturers there are virtually no 
changes re(|iilretl. Any studio coiihl tool u]> for it in a dav 
with e(|uipmenl already on hand. < )nh time will tell whether 
or not the matrix a])proach is good enough. 

Two final comments should he nuMie concerning .Scheiher 
recordings. The iwrformance in nonnal two-chanitel stereo 
is more than satisfactor\-; under tisual listening conditions 
two of the input channels will appear jianni-d in slightly from 
the left lotidsijeaker. and the other two will appear slightK' 
piinniti in from the right loudsiH-aker. I'nder i)recise listening 
conditions (a dead room with the listener locate<l on the axis 
of s\-mmetry), the listener will hear the two rear chamiels 
IKmnecl slightly oulside the lotulspeaker array. Things are 
not as ha])p>' in mono, and this must he of concern t() record 
companies. With the Scheiher s\stcni, the two rear channels 
are down from the front yian hy an 8-dB level in the mono 



mode. With the Dynaco (llaller) matrix one channel dis- 
appears altogether while the other three are within ,i d 1? 
of each other. There are means of alleviating these ills at hoth 
the recording and pla\ hack ends of the chain. 

.\s a recording engineer, i ant deepK' concerne<l ahoiit the 
uses which will he made of the new meditiin. In classical re- 
cording there is already a viahle recording philosopin . and 
it is aimed simjih at ca])luring more accurately than was 
]K)ssil)le with earlier s\stems the natural acoustical ambience 
of a c<)ncert hall. Hut classical imisic accotints only for 5 per 
cent of the record sales in this country; what of the remaining 
''5 ixr cent? .At this point we ha\e given our |X)p pnxhicers 
two ad<litional chamiels to mix down t<); hut we haven't 
realK given them any new creative tools. Most of the pop 
f(nir-chaniiel material ciirrentU making the rounds shows this 
rather pathetically. In man\' cases prcxlucers ha\e simi)ly 
iiiixeil down to four essentially monophonic channels instead 
of the usual lefi-center-right that we are accustomed to in 
normal two-channel stereo. Others ha\'e resorted to pointless 
panning of tracks around the room. If wc can provide the 
right t(K)ls, jirtKlucers will he ahle to create aiuhience as they 
need it; the\' iiia\- even use several i)ers|K'ctives at once. 
New techni(|ues are available for simulating movings sources 
with micanny realism when the elTect is needed, hist as the 
evolution of music in the IWO's was largely sha])ed bv the 
available recording technology, so |Kip music of the 7()'s 
(maybe classical as well) will be molded in part by four- 
channel technology. One's imagination goes wild thinking of 
the imjKict which the formidable tools of electronic music, 
along with four-channel technology, will have in the evolu- 
tion of music in this decade. ■ 
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DISCOVER PENTAGON 




CASSETTE TAPE DUPLICATORS 

High Speed. 4 One Hour Cassettes Recorded Both 
Sides in Less Than 4 Minutes. Master Reel to Reel 
Decit 3 Direct Drive Motors (60 i.p.s. or 30 i.p.s.) 
Specially Designed Cassette Decl<s, Heavy Fly 
Wheels, Two Motors Per Cassette, Precision Ground 
Capstans. Solid State, Plug-In Circuit Boards, Fre- 1 
quency Response 20-12,000 HZ, Individual or Si- 
multaneous Recording of Tracks. All Components 
U.S. Manufactured. Excellent Dealer Service, 

A Model to Suit Your Need, For Detailed Literature 
Write Today: 

Pentagon ?;^c;x^a... 

Industries, Inc. Chicago, Illinois 60648 
Circle 25 on Reader Service Card 
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The Sound Of Koss 
Surpasses Every 
Traditional Stereo 
Listening System! 

MODEL ESP-9 
ELECTROSTATIC STEREOPHONES 
GIVE YOU ALL 10 OCTAVES 





3j 

■"^ Rear view of 

the E;-9 Energizer. 



fona 

Block Schematic 
snowing switching 
(Unctions and 
hookcUp 
of the ESP-9. 




■O 




SUPER, WIDE-RANGE RESPONSE for Critical, 
controlled monitoring of finest recording sources. 
Delivers all 10 audible octaves, 15-15,000 Hz^2 
db, 4 octaves beyond ordinary headphones. 

VIRTUALLY DISTORTION-FREE PERFORM- 
ANCE through precision electrical balancing of 
push-pull acoustical circuitry to give fatigue-free 
listening through long, intense recording sessions. 
Elements cancel all 2nd harmonic distortion, un- 
like conventional units. 

LIGHTWEIGHT-HUMAN ENGINEERED FOR 
COMFORT- Uses fluid-filled cushions for distri- 
buted gentle pressure with good seal; coupling 
transformers and circuitry located in external hous- 
ing; extendable stainless steel headband with wide 
cushion for perfect fit and restful listening. 
CALIBRATED, PRECISELY CONTROLLED 
OUTPUT-IDEAL FOR AUDIOMETRIC USES- 
Switch on front panel of energizer selects ac opera- 
tion for precision measurements of output, in self- 
energized switch position no connection to ac lines 
is required; this gives maximum convenience. 

HIGH-POWER CAPABILITY IN VERY LOW 
BASS RANGE-Large, Oversize coupling trans- 
formers mounted in E-9 energizer unit give good 
wave form at 30 Hz with up to 10 volts input. 
NO SPECIAL AMPLIFIERS REQUIRED- 
CONNECTS TO LOW-IMPEDANCE SPEAKER 
TERMINALS-Easy, quick hook-up to any good 
amplifier delivers performance to specification. 

The ESP-9 is a refinement of the famous ESP 6 
Electrostatic Stereophones. The most important 
new feature is a response range of 10 octaves, th« 
widest ever attained in a headset. A new cup design 
promotes virtually linear response to below 20 Hz. 

The ESP-9 has a signal handling capacity of 10 
volts at 30 Hz with good wave form versus 6 volts ■ 
for the ESP-6. This is made possible by increasing 
the size of the coupling transformers by a factor of 
4, and mounting them externally to the cup in the 
E-9 Energizer. 

The E-9 Energizer offers the option of self-ener- 
gizing for the bias supply, or energizing through 
the ac line; choice is made with a selector switch 
on the front panel. When energized through the ac 
line, very precise level measurements can be made. 
Thus the unit is ideal for audiometry, and for eval- 
uating the spectral character of very low level noise 
in equipment like tape mastering machines and 
recording consoles. In contrast to the ESP-6 and 
ESP-7, both cups are independently energized; a 
left cup signal is not required to supply bias to the 
right cup. 



TYPICAL SQUARE WAVE 
RESPONSE AT 400 Hz. 

Trace at top is input, lower trace is ESP-9: 
note unusually close resemblance. 
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ELECTRICAL SPECIFICATIONS 

Frequency Response Range, Typical: 15-15,000 Hz t 2 db 
(10 octaves) 10-19,000 Hz- 5 db.'An individual, machine-run 
calibration curve accompanies each headset. This curve uses 
standard 3-1/2 log-cycle chart paper, and reads from 20 to 
20,000 Hz only. 

Sensitivity: 90 db SPL at 1kHz ± 1 db referred to 0.0002 
dynes/cm^ with 1 volt at the input. Variations from calibra- 
tion furnished are less than 1/2 db at 25°C. 

Total Harmonic Distortion: Less than 1/5 of 1% at 110 db 
SPL. 

Isolation From External Noise: 40 db average through fluid- 
filled cushions provided as an integral part of the headset. 

Power Handling Capability: Maximum continuous program 
material should not exceed 10 volts (12 watts) as read by an 
ac VTVM (Ballantine meter 310B or equal) with average indi- 
cating circuitry and rms calibrated scale; provides for trans- 
ient peaks 14 db beyond the continuous level of 10 volts. 

Source Impedance: Designed to work from 4-16 ohm ampli- 
fier outputs. At higher impedances response at the extremes 
of the frequency range will progressively reduce; e.g., 50 
ohms causes a loss of 5 db at 30 and 10,000 Hz. 

External Power Requirements: None, except when used for 
precise low level signal measurement, when external ac line 
can be selected by a front panel switch on the E-9 Energizer 
(1/16 amp, 117 VAC, 50-60 Hz normally; 234 VAC with 
internal strap for foreign use). 



PHYSICAL SPECIFICATIONS 

Size of Cup: 4-1/4" h x 3-3/4" w x 1-1/4" d. 

Cushions: Fluid filled for high ambient noise isolation. 

Headband: Extendable, stainless steel bands with self-adjust- 
ing pivoting yokes; conforms to any head size. 

Headband Cover: Formed of wide, soft molded-rubber with 
1/2" polyethylene sponge cushion on underside. 

Boom Mount for Microphone: Knurled, anodized, aluminum 
knob on left cup with threaded shaft and 2 compressible 
rubber washers; accepts all standard booms. 

Headset Cable: Flexible, polyvinyl, 5 conductor, shielded, 6' 
long, black, with 5 prong plug keyed to E-9 Energizer recep- 
tacle. 

Weight of Headset Only: 19 ounces 

E-9 Energizer: Contains 2 coupling transformers, self-ener- 
gizing circuitry, speaker/headphone transfer key-switch and 
ac pilot light on black anodized front panel. Also contains ac 
power transformer, ac on-off switch, ac line fuse, and speaker 
terminals. Size is 4-1/2" h x 3-3/4" w x 6-1/4" d; weight 3 
pounds. Has 6'4 conductor input cable terminated with 4 
spade lugs to connect to amplifier output terminals. 

Accessory Provided: 6' ac line-cord P/N 41-0235 for optional 
use, with plug on one end and plug-receptacle on the other. 



Model ESP-9 Studio Monitor: Electro- 
static Stereophones, complete with E-9 
Energizer, ac line-cord, machine-run cali- 
brated response curve and instructions; 
Shipping weight 6 pounds; Price 
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New Studios for Armed Forces 

Radio 



ZACHARY H. JAQUETT 



Armed Forces Radio was faced with special 
problems when they decided to build 
new broadcast origination studios in Washing- 
ton. An acoustical-consulting and 
manufacturing firm was called in to help. 



No ONE SERVING ill thc .AniK'd Forces of the United 
States need go about his duties unaware of the 
day-to-day current of world events. Such is tlie 
mission of tlie American Forces Radio and Tele- 
vision Service, an agency of the Office of Infonnation for the 
,\nned Forces of the Defense Department. 

The agency utilizes a broad information program through 
various broadcast facilities located at several jxiints through- 
out the countr>-. One of these outlets for keeping militar\- ]3er- 
sonnel in daily contact with the world scene is AFRTS- 
Washington. This branch was established in 1965 to impro\ e 
the flow of general and seat-of-go\ernnient news through 
internal Department of Defense media. Its purpose is to 
supply timely and accurate news and informational reix)rts, 
direct from the nation's capitol and from all over the globe, 
programmed oyer a 24-hour broadcast da\- and beamed to 
those thousands of places where American serxicenien are 
stationed. To accomplish its mission, .^FR TS-Washington 
utilizes shortwave, direct-program circuits, and teletype. 

The first of these media provides li\ e-voicebroadcastsand 
is tlie only armed-forces radio facility available to militar>- 
personnel in isolated outposts and aboard ships at sea. 

In addition to shortwaxe, direct-program circuits connect 
.•\FRTS-\Vashington to many AFRTS networks and stations 
in Furojx;, the Pacific, and the Far I-^ast. Some of these cir- 
cuits provide two-way communications, thus enabling return 
cai>ability for admiiiistrati\e and ojierationai information 
from the overseas station to the Washington office. Direct- 
communications circuits are used to i)rovi<le optimum re- 
liability eliminating propagation variances. 



Zachary II. Jaquetl represents Industrial Acoustics Company, 
the manufacturers of the studio modules described in this article. 



The direct teletype facilitates communication between 
AF"R rS-\V and most .^FR TS networks and stations o\ erseas. 
Xcws and information, such as program-schedule changes, 
pertinent to the agency's operations are transmitted by 
teietyiie. 

The studios of AFRTS-W are located in a new 12-story 
conventional office building leased by the F'ederal Govern- 
ment from private owners. When AFRTS-W prepared to 
occupy the structure in Arlington, Virginia, not far from the 
I'entagon. it had to modify the space to meet specialized re- 
(|uirements fur broadcasting studios. 

Contact was made by the chief engineer of AFRTS-W with 
Industrial -Xcoustics Company, Inc., of New York, a firm 
involved in designing and building acoustical noise-sup- 
pression ecjuipment. AFRTS-W supplied the studio layout 
and the acoustical jjaranieters for these chambers — conference 
studio, conference control room, announcers studio, auxiliar>- 
control room, main studio, main control room, sports studio, 
teletype room, plus two sound locks. 




Figure 1. The layout of studios and control at AFRTS- Washington. 
All of the acoustic walls were constructed, as indicated in the text, 
of pre-manufaclured wall panels. 
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CoTisidenition for coiui-inioiial stiidii) conslniitioii was 
ruled out hecaiist' of floor load ca])arit\'. time for (•onstruciioii. 
and oxct'ssivt tloor space re<|uircd. I'lirtiu-r, ronventioiiai 
ruiist ruction would not |)ro\ide tlie re(|uiritl mobility, if it 
would become iiecesHary to relocate the sttidios. 

Selected as the outfitting materials best able to do the job 
were in<Klular acoustical coimxnieiits made up of pre-eufii- 
iieered and acouslicalK raH-d noise-control panels, ("mm 
these units, called the lAC Mmlnliiic .Systciii. a broadcast 
facility was clesiKne<l as a building-williin-a-buildin); answer- 
ing these iini)orlaiit criteria. 

1. All sections could be assendiled or dis;issenibled in 
niininial time. 

2. The over-all weight of the eight .Mi Kluiine- .System cham- 
bers would be well below the load cajiacity of the ofiice build- 
ing. 

,5. .\de(|iiate working s[)ace woidd be pri)\ ided. 

4. Reliable acoustic perforniance was assure<l. 

In deciding u\y>H the .M<Klultiie-System panels, the .\FR'I"S 
chief engineer was guided b\ two principal factors- -sound 
isolation and reverberation time. In the acoustical environ- 
ment desiritl for the broaticasl facility-, it was S])ecifietf that 
the noise levels within the complex should not exceed .\C-2(I. 
and the reverberation time woidd be 0..i4 seconds within the 
six)rts, announcers, and main broadcast studios. To be certain 
before installation that the .M<Kluliiie panels would meet these 
s])ecilicatious. lAC made an octave-band anaUsis of noise 
levels at the site. From this investigation, the\- reconmiendeti 
that the walls of the above studios be of double-wall con- 
struction and single-wall for the remaining chambers. Also it 
was proposed to vary panel construction so the studios could 
be calibrated to achieve the re(|uired reverberation time. 

Now for a look at the way the Moduline ])aiiels forming the 
riKjf and walls of the structure are jnit together to achieve 
their acoustical pro|)erties. All of them are four-inch-thick. 
variable-absor])tion tniits whose face sheets are either 22- 
gauge cold-rolled steel perforated with openings 3 ,i2-in. 
diameter, or solid 16-gaiige steel. The assembliil iianels are 
steel reinforced and lille<l with soniid-retarding and sound- 
absorbing tills. These are inert, nonconibustible, mildew- 
resistant, and verniinproof. blach face sheet is welded and 
rivcti-d to the iKinel assenibh' to acoustically comi)ress and 
hold the liller in place. 

'l"he lloor panels, whose design weight is 20 (xiunds per 
s(|uare foot, have aji 1 1-gauge hot-rolled steel wearing surface 
and a U)-gauge steel back sheet. Rach panel is stnictnralb 
reinfon i-d and welded to form a rugged assembK . Xot affixed 
directh' lo the lloor of the office bm'lding. the studios" tloor 
rests on pro|HTly loadi-d vibration-isolator rails which ha\-e a 
natural frei|uency of less than seven hertz. 

Aiul since weight was a basic factor for the studio structure 
so as not lo ])lace loading stress on the office building, the 
]>ajiels checke<l in with an average potnidage for the lloor 
units of IH lbs. ]H-r si|. ft. and 7 lbs. \>lt s<[. ft. for the wall, 
ceiling, and door i)anels. 

In |)utting the iKinels together to form the broadcast coni- 
])lex. care was taken to s])ot wekl each 16-gauge-sleel ])anel 
joiner ever)' two inches along its length. This proci'dure was 
carried out lo prevent noise leakage when acoustically and 
structuralb joining the |>;mels. \vm-U joiner is formitl lo 
create a lab\ rinlh that will allow no direct ])assage of noise. 

Furthermore, since the acoustical ]iroperiies of the sludii>s 
coidd be compromised b\- iTiadeqiiateb designed entrances, 
the ct>m]Kni\' supplietl 2'^; inch thick soundproof doors out- 
fitted with cam-seal hinges. The advatilage of these is that 
the\ sti])]>l\ a sure com])ression seal between the door atid 




Figure S, A fish-eye view through an acoustical door into a portion 
of one oF the studios. 



its frame. When the door is otiened. the cam action of the 
hinge smoothly lifts the (l<K)r leaf, releasing the seal; but when 
it is closi-d. this hinge automatically lowers the com])ressing 
bottom seal lightly against the Ihwr, This provides a ]X)sitive 
acou.stic seal every time the door closes, eliminating the 
need for unsafe raisi-d sills, drag seals, and unreliable thres- 
hold closures. 

To complete the acoustical picture. lAC also did awa\' with 
noise from the air-conditioning through installation iti the 
s\-sleni of nnQuiel-Ducl and Tniiiquil-Aire silencers. 

Since the studio complex has been in oix-ration, its staff has 
had ample oi)[)ortunity to find out how the enclosures are 
working out. The announcers have been imi)ressed with the 
lack of distortion in voice transmission; it is not too live, but 
neither is it dead, the level being just right for broadcasting 
purix)ses. This is es]iecially sigiiihcant since all the studios 
are rectangular, there being no skewi-d walls to assist in the 
maiTitenance of a low reverberation factor. .\nd once in.side 
the broadcast area, the casual observer becomes quickly 
aware of the absence of surface noise and of the ilisa])[x?arance 
of the whine and vibration of low-ll\ ing jet.-; coming in for 
laiulings at nearby .National .Xirixirt. 

Thus with these modern. acousticall\--perfected facilities. 
American Forces Radio atid Tele\ision Service-Washington 
contimies its dailx objective of keeping military personnel 
u])-to-date. ■ 




Figure 3. The main studio as it is in use. Main control is on the right 
with the sports studio just visible through it. On the left, the view 
is into an auxiliary control room. 
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Optical Sound Track 
Processing 



J. W. DORNER 



In film sound, the best efforts of the audio 
engineer may be undone in the processing of 
the negative or positive films. This article 
details what controls the audio man may 

impose on the processing staff to 
maintain the quality he wants. In under- 
standing the processing requirements — also 
detailed — film-sound people may be able 
to work more closely toward the ideal 
goal. 



Sinind is very often neRlt'ctcd in the priidiiction of 
tihu short sul)ji'Cts l>ecause jieople tend to think tiiat 
picture iiuality is the most sensitive gauge hy which the 
factors affecting the over-ail ((uality of a process from 
negative to release print can lie judged. Yet, much 
finer detail is recorded on the sound track and the 
ultimate in <|uality control is retjuired in order to retain 
the original <|uality of the sound which is to be recorded 
on film. 

The highest fretjuencies recorded on 16-mm film 
form an image of little spikes which are spaced only 
one thousandth of one inch apart. If one would project 
this sound track under the same conditions as used for a 
6 f(X)t-\vide picture, these little spikes will still be as 
close together as J^-inch on the screen. How often 
does one look for such detail in the picture? Processing 
becomes ver>' critical if one dt)es not want to lose part 
or all if the information recorded with such precision. 

We all are familiar with the halo effect of lights in a 
night scene, which is caused by secondari' exjiosure 
within the film itself from light Ixjuncing off the film's 
backing. Much has been done by film manufacturers 
to reduce this effect. However, the high light intensity 
from a ixiint-like source will always cause some rc- 
t'ecti<ins within the film, resulting in undesired secon- 



dar\' exjiosure. Imagine the light intensity recjuired in 
producing a sound track, if you realize that the cx- 
jjosure time in recording a negative is as short as one 
three Ihoitsandlhs of a seccmd. Secondarj- exiwsure and 
image growth in developing will cause a slight de- 
formation of the original sound wave as laid down by 
the recording light beam in the optical recorder. 
I'ortunately this can be counteracted by controlling 
the image growth that occurs in making a print, 
thus the shajje of the original trace can be restored. 
However, each positive material behaves differently 
and only by performing a series (»f elaborate tests can 
the combination of exix)sures, printing lights, and de- 
veloping times be determined to assure an undistorted 
reproduction of the fine detail recorded on the film. 

The outcome of any such test holds true only for the 
laboraton,' and the material used in establishing opti- 
mum processing conditions. Therefore, if a sound track 
of best possible quality is sought, all recording, iiroces- 
sing. and iirinting should be in the hands of one labora- 
tory. It is essential to know prior to the recording of 
the negati\-e whether release printing is to be done on 
black and white, or iK)sitive color or reversal color as 
only then is a perfect cancellation possible of the image 
deformations caused by the various jirocesses. 
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T HAS LONG BEKS RKCoiiNMZi-i) that the (|ualit>' iif a vari- 
able-area soundtrack is interdependent with the ima^e 
contrast on the tihn. I'o determine tlie optimum com- 
bination of negative and print densities for inininnini 
image distortion (and undistorted sound) as caused Ijy hala- 
tion and lill-in. the cross mtxiulation test has Ijeamie an 
accepted routine in the motion-picture industry. A compari- 
son of the test results obtained over extended periods showed 
considerable variations in the balance densities. Different 
methods of controlling the negative-developing jjrocess 
indicated that most consistent results are obtainable b\- 
processing the negative to a selected contrast between two 
steps on the sensilimietrir e\]X)sure strip, rather than to a 
prescribwl gradient (gamma). The densities of the steps 
selected are representative of the track density and the 
amoimt of halation, thereby serving as an indicator for the 
gradation in the boundary area from the exjMised to the 
unexixjsed portions of the sotmdtrack. Interchungeability 
and consistent (juality for all soundtracks will be t)ossil)k' if 
a narrow and identical acceptance bandwidth for all photo- 
receptors used in the densitometry and the reproduction of 
]ihotographic soundtracks is adopted and used throughout 
the motion-picture industry. 

It ma\' seem sujierlluous to write about <|ualitN' control for 
variable-area sound recording, because if one leafs through 
back issues of the relavent literature one can fmd various 
|ia])ers on the subject of xariable area sound recording, each 
one suggesting ways for better controlling the distortion 
products introduced b\ the photographic i)roce.?s.'-^-' Mo.?t 
papers place the emphasis on a single - but in each case dif- 
ferent-factor, with the ultimate aim of finding the best 
and most reliable control iirocedure for i)ro(lucing a con- 
sistentb' good sound track. 

I'liblicized data are almost always based on findings ob- 
tained from tests which were performed imder extremeU- 
well controlled conditions, and can seldom be maintained in 
an average ojierating set up. Mut even if this were iM).7sible. 
there are short term variation.s affecting the daih' production 
runs and they may cause the sound track iiiiality to drift 
outside any acceptable tolerance limits. There must be 
numerous jieople « ho have jierformed a complete cross- 
modulation analysis at one time or another that indicated the 
excellent results obtainable under a giveit set of conditions, 
yet their production tracks ma\' not ha\e come off with the 
excellent cpiality as could have been exitccted from their tests. 

Of the many variables involved from the recording of a 
negative, through processing and printing up to the reproduc- 
tion of a print, negative develoi>Ing Is generally recognized 
as one of the most critical stages, retiuiring a high degree of 
attention and precise control. If a once optimized condition 
is to l)e maintained. However, this is not economical for very 
sliort subjects and It is felt that there is a great need for a 
simple method, which assures that variable-area sound 
negatives can be produced with uniform (|iiality despite any 
minor Ihictuations that may be inherent in the chemical 
process. 



J. IV. Doriier is with ReVox International in Regensdorf 
Sil'izterland . He was formerly with Film House Ltd.. of Downs- 
view, Ontario, in Canada. 



NEGATIVE QUALiTY AND CONTRAST 

IdealK-, the image of a variable area sound track should have 
a sharply defined boundary, with no transition through \ ary- 
ing shades of gray, from the opaque track to the clear film 
bise. To apiiroximate such a condition as clo.ieb' as ixissible. 
the manufacturer recommends to de\elop the negative ma- 
terial to a high gamma of at least .1.0 or more' and more 
often than not. this recommendation is religiously observed 
with little attention to other information revealed by the 
sensitometric curve. A large majority of the ]ieo])le involved 
with sound on film will certaInK- be satisfied with the negative 
develoi)Ing. if a gamma figure within a tolerance from .?.0 
to .1.2 or even .?.4 can be read from the H.!!cD curve. In s<ime 
instances the gradient of the so-called straight portion is even 
slightly tilted on the graph paper by the person analyzing 
the sensitometric data, so as to come up with the rec|uested 
gamma figure. This practice can easily be followed when 
working with high-contrast stock which has often only three 
density stejjs with etpial incremental increase between the 
toe and shoulder breaks, is this really accurate enough to 
assure a consistent negative <iualit\- o\er an\- period of time.'' 
Surely not, because the author has seen .S5-niin variable- 
area negatives on luistman 5375 with a perfectly acceptable 
maximum gradient sloije. \ ot even the widest range of print 
densities did not produce one single acceptable print! In 
fact, the cro.ss-smodulation anah sis resulted in such unusual 
readings that the plotting of the familiar cus]>-curve3 was 
not at all jMissible. This may have been a rare excejjtion. but 
it Indicated clearly to the author how meaningless a gamma 
figure can be. 

Depending on the comix).sition of a developer, jjrocessing 
time may var>- to some degree between different fornudas 
without appreclabh- altering the contrast gradient of the 
lilm. but there ma\- be a decided difference in the film speed 
thus obtainable. Data sheets for sound recording films sug- 
gest a certain range of track densities for g«K)d over-all 
performance, causing some people to think that all one has 
to aim for is this suggested density, with little attention to 
the exposure and processing conditions under which it was 
achieved. Was it a low exix)sure and a long developing 
lime -or was it the other wa\' round? 

I,ewin2 when investigating the effect of developing time 
on the (piality of a negative track came to the imiM)rtant 
conclusion that the changes in negative ()uality are much 
greater than might be expected from any variation in the 
actual gamma. In practical work, developing time is fre- 
•luently adjusted to arrive at a s|)ecified track denslt\- to 
com]X'nsate for exiwsiire variations. Now then, if the effect 
of developing time is such a marked one, jjerhaps it would 
be advantageous to adjust ex]K>sure so as to suit a once es- 
tablished iirocessing time which yielded a negative of good 
(piality. ^'et, in doing this, we are most likely adjusting for 
chemistry changes, which means in other words, that even 
though the chemical reaction time is now kept to a fixed 
value, there must be some changes in film sjx'ed and the g: 
resulting gamma. Thus, we are back at the start, trapiK-d in > 
A vicious circle in this search for an accurate and reliable 
prtKedure to assure a more consistent negative <|uality. " 

Data collected by the author from cross-modulation tests ;0 
performed over a iierlod of several months indicated great ° 
Ihictuations in the optimum negative densltv- for a cross- 
njodulation pr<xiuct of better than minus .10 dli based on an ^ 
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Figure 1 . The method of negative developing and its effect on 
negative densities for maximum cross-modulation cancellation. 

optimized positive (iensity of 1.50 when processing to Kini'm;* 
only (FiciLRE 1). In this test series, it was left to the labora- 
toPi 's discretion to develop tlie nesative as tliey considered 
best for the particular emulsion involved. As the gra|)h clearly 
shows, results were vcr\- inconsistent and raised man\- doul)ts 
in the sound de]Mrtnient"s mind as to the (|ualit\' and ron- 
sistenc\ of the dail>- work. Based on l.ewin's liiidings, it was 
decided to change to a fixi-d developing time, which resulted 
in a marked reduction in the fluctuations of optimum densi- 
ties over a series of tests (!• ioi re 1). Of course, there was the 
occasional i)rol)lem with exjiosure, making it necessiiry to 
decide whether to re-do the track, or to adjust the developing 
time. With this still being a rather unsatisfactory state of 
affairs, one had to ask oneself the question: Why do the 
optinnnn densities vary so much? Cotild it be inconsistency 
of the emulsions' characteristics? If optimum densities vary 
from test to test, then there is every ]K)ssibility that they 
may even vary from da>' to day, SureK'. modern manufac- 
turing methcKls must he capable of turning out an enuilsion 
which does not exhibit such erratic fluctuations. This lea\ es 
onh' one other ])ossibility, namely the slight gamma dif- 
ferences that occur, even thcmgh the developing time is 
maintained at a fixed time. Assuming that this is so, then 
the li&D curve must contain the information, which shouhl 
make more consistent sound track |X>ssil)le. 

THE FOUR-STEP CONTRAST 

The sensitometric exposure is made from an accurateh' 
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STEP 5 TO 9 CONTRAST 

Figure S, The relationship between Step 5 — Step 9 contrast and 
optimum negative density. 



calibrated light source and co\ ers a wide range of light in- 
tensities or ex|X)3iire times. It includes an exposure approxi- 
mating that which will produce near sound track density, 
but there is also ccmtained an ex|X)sure which can be taken 
as representati>e for the undesired halation, that distorts the 
sound image on the film. .Mbin. in his pro]3o.sal shows some 
microdensitometer readings of different degrees of halation 
and he s;i\s: "These gradients are directly related to the 
gamma of an H&D cur\-e made with an 1 - H densitometer 
but they are not necessarily e()ual." However, he concludes 
". . . .we can safely assume that the gradient and 1 - H sensito- 
meter gannna are directh' proportional." In other words, we 
have an excellent indicator of the amount of image growth 
by examining the H&D curve which looks into the vallc\ s 
between the s])ikes resulting from high-frecpicncy sound as 
a magnifying glass, revealing what hapiiens in that area 
where halation hurts most. 

If we assume that the optimum negative densit\ will be 
in the range from 2.30 to 2.50, we find that four steps down 
from that densit\-, the reading on the HiScl) curve is approxi- 
mately 0.40 to 0.50 which — for all intents and pur]x>ses — 
could be ctmsidered as being representative for densities prt)- 
duced by secondar\- ex]x>sure. 'I'he contrast between these 
stei>s is about ^^)^) to 2.00 in densit\- and it should be a 
measure for the ([luility of the negative track. Since a higher 
contrast will produce a sharix-r image, one must obviousK- be 
able to work with higher negative densities as the contrast 
increases. Figl-rr 2 shows this relationship in a graphic 
liresentation — which, of course, is valid only for the recorder, 
film stork, and laborator\ iitili/cd in this test series. As the 
graph indicates, there is e\en a saturation jx)int approached 
as contrast increases, suggesting that a contrast of 2.00 — 
which can easil\- be achieved — ma>- be a g(xxl operating 
ix)int, because this would also minimize o|)timum density 
shifts, in case some contrast variatit)n occurs. Further tests 
(as well as the dail\' work) were then ])roce.ssed to this speci- 
lied contrast (Step 5 '0.50 — Step 9^2.50) and surprisingl\- 
enough — although hopefully exi)e;ted — the optimum ncga- 
ti\ e density did not \-ary by more than a few density jKiints 
from test to test and over extended periods (.See Fica-RE .^). 
These minor variations are almost within the accurac\- of the 
densitometer and the\' can most likely be attributed to the 
fact that the prescribed densities for steps five and nine can- 
not always be achieved with the desired precision, thus re- 
sulting in a slightly higher or lower contrast. 

EXPOSURE CONTROL 

The stabilization, as indicated by the almoi>t negligible 
changes in optiimnn density, is such a marked one. that it 
would seem safe to conclude that a negative of consistent 
([uality is obtainable when processing is carried out in the 
manner described above. In fact, by adopting this procedure, 
developing attained any accurac\' which made it (huibtful 
whether or not the exposure in the sound recorder could be 
controlled precisely enough to a\-oid changing the processing 
conditions to accommodate exjMJsure drifts. An\- problems 
that could arise in that area were easily o\ercome by in- 
stalling a solar-cell in the vicinity of the exposure lamp.' It 
sam])le5 the light and |>rodiices a \-oltage proiJortionate to 
the ra<liant energy, thus allowing precise compensation for 
anv changes in lamp efficiency due to envelope darkening or 
variations in temperature. Only one very minor drawback 
remains: the disagreement between the spectral re.siKinse of 
the solar-cell and the s]K>i-tral sensitivit\- of the lilm, which 
necessitates several ex]M>sure tests during the early life of a 
lamp, until a stable relation between the light reading and 



www.americanradiohistorv.com 



tlie actual exposure on the film is reached. Once tliis is the 
case, tiie exposure in the recorder can he maintained witli siicii 
a dejjree of accurac\-, that ain densit\' shift of the sound 
track will l)e acconipaiiied h>- a similar change in the upper 
control step density. This is of great benefit in the liaison 
between soinid department and laborat()r\ , as it will elimin- 
ate any argument as to who is at fault if a specified track 
densit>- cannot be produced. \ny changes in the relation 
between the two control ste])s under a gi\en de\-eloping time 
are a signal for the laboratory- jiersonnel to investigate the 
chemistr\ of the developer, therel)\- eliminating another area 
of ]H)ssible argument. While it is nothing new that sensi- 
tonietr\- is being used for solution control, there may be 
situations where things are being allowed to drift too far. 
liefore being detected, yet with specified densities for t«o 
control stejjs. solution control has become automatic and is 
not so much a se])arate task any more. 

EFFECT OF PHOTORECEPTOR'S SPECTRAL 
RESPONSE ON POSITIVE-TRACK QUALITY 

The minor drawback mentioned earlier, when describing 
the solar cell as a light sampling device, touches u]X)n a 
problem which seems to exist in many areas of 0])tical sound 
recording and re])roduction where photo-recei)tors are in- 
vol\-ed. It is unfortunate that the peak sensiti\it\- of light 
sensitive devices as used in sensitometry often differs greath' 
from the one in the projector, where we find ex-en,-thing from 
the well-known infrared (SI) resjwnse to blue sensitive re- 
ceptors (S4) as well as those which see the whole visible 
spectrum, including devices which read far beyond visible 
light. We can strive for highest accuracy in processing, yet 
the sound track thus pnxluced will re])rcxluce well only on a 
limited number of ])roiectors and we shall see wh\'. 

In the literature the question of the green track crops uj) 
once in a while and since the writer had collected a large 
number of negatives and prints, this provided a g<xxl chance 
to determine whether or not there is any api)reciable change 
in the qualit)- of sound track due to aging. First results 
showed alarming dilTerences over relativel\- short periods, 
suggesting that a three-month old negative would re(|uire a 
considerably different print density' for good cross-modula- 
tion cancellation, but it was soon discovered that certain 
characteristics of the optical rejiroducers invohed in this 
analysis could be blamed for these drastic differences. I- igcrk 
4 shows the cross-modulation distortion readings from one 
and the same black and white print on two different pro- 
jectors, ^'et, two ])rints taken three months a])art from the 
same negative, perfonned practically identicalK when they 
were pla\-«l on the same rejinxlucer, and even when printing 
at half-speed, the difference was only a very insignificant one. 
providing they were all prixluced to the same density. 

We are left with the ciiiestion of why such confusing results 
were obtained from one and the siime print when i)laying it 
on different i)rojeclors. The matter became even more con- 
fused when it was discovere<l that silver-dye tracks ])layed 
e(|uall\' well on the two systems in\()lved, while black-and- 
white tracks showed such a marked diff erence. 

There were se\eral things different between these re- 
producers. The\- were in their scmining optics as well us in 
the t\ ])e of ])h()torece]itors used. One system allowwl focusing 
for .] as welt as forfi wind, whereas the other one worked with 
a fixed focus setting. Any effect which may have been caused 
b\ the compromise focus of the latter one could <niickly be 
ruled out b\ analyzing the print on the s\-stem with the ad- 
justable focus arrangement, because the 400 Hz coin|x>nent 
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Figure 3. Stabilization of Optimum Negative Density by developing 
to prescribed Step 5 — Step 9 densities on the sensllomelric exposure 
strip. 

of any cross-modulation print never changed, even with the 
scanning optics turned com])letely out of focus. This was a 
surprise at first, as relevant literature emphasizes the need 
for good high-frequency- i)eforniance of the repnxiucer if the 
test results are to be valid. However, it does not seem to 
depend so much on whether or not the high fre(|uencies, their 
sum and differences or side bands are being reproduced, be- 
cause the system is only required to scan the changes in 
average transmission at the rate of the high-fre(iuency ampli- 
tude variations when analyzing a cross-modulation test. 
A very good illustration of the changes in average trans- 
mission and the new frequency created by it is given in Haker 
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Figure 4. Cross-Modulation. The performance of a print on two 
projectors with photoreceptors of different spectral responses. 
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Figure 5. Spectral response characteristics of sermanium P-N junction 
and silicon cell, spectral density of a (Black and White) silver de- 
posit. 

and Ri)l)insoii's ])a])er'. It is not iliflicult to visualize that any 
(lensitoiiietiT could detect these \ariati(>iis, providiiin the 
a])erture dimensions were such as to read across the full 
width of the sound track, while coverinfj not more than either 
one on or otT periix] of the hij;h-frei|uency record. In other 
words, in detecting the low-frciiuericy coni]X)nent in the 
cross-modulation signal, the sound reproducer integrates the 
variations in the transmission characteristics of the track, 
and for this accurate focus is not necessiiry. \'iewing the re- 
producing system for a moment as a densitometer which 
evaluates the image on the film under jlynamic conditions, 
it must be assumed that the same laws appK" as for static 
densitonietr\-. namely, that the effective density of the 
]ihotographic image will vary with the s]X'ctral res]K)nse of 
the photorcce]>tor. l.ovick has shown how the dcnsitv of 
siKer de]M)sits changes as a function of light wave length. 
.\ density of 1.50 at apiiroxiniatcly 500 millimicrons ap- 
proaches 1.90 if the res])onse of the rccejitor were to peak 
at 1,000 milliiuicrons and it will probably increase well 
beyond 2.00 at even longer wave lengths. A density change 
of this magnitude has the most severe effect on cross-niodida- 
tion distortion, jjarticularly on the 16nnii medium. 

If one and the same print can produce such widely dif- 
fering results (as shown in Fuii Ris 4) the answer must lie 
in the spectral res])onse characteristics of the various re- 
ceptors emplo>-ed. .\ closer examination of projector ^' 
revealed that it used a germanium junction as the sens- 
ing device, which has a s])ectral response known as S14, 
peaking in the region of 1,500 millimicron where the sil\"er 
deposit may perhaps have an effective density of as high as 
2.40 (See FiGfRE5). This would provide an explanation why 
the cross-modulation product differed as much from the one 
on projector X. working with a photoxoltaic silicon recejitor. 
Now we could also form a theorx- wh\- a sil\-er-d\'e track does 
not behave in the same manner: the dye jiortions of the 
track are still contributing to the density as seen by the silicon 
cell and as the dye densities diminish towards the infrared, 
the increasing silver densit\' is taking over, thus keeping the 
effect of the image growth probably the same on both sys- 
tems. Projector V was then modified and e(|uip])ed with a 
silicon cell which corrected and aligned its cross-modulation 
performance with that of type X iirojector, desi>ite the dif- 
ferent optical system. 

It would api)ear from the results of these tests that the 
acceptance bandwidth of the photoreceptor has a greater 



intluencc on the (piality of the reproduced sound than pre- 
viousl>' realized. 

CONCLUSIONS 

The success of any efforts in finding the balance dent.>iie.-; 
for \'.\-soimd tracks will invariabh' remain conlincd to the 
combination of labortory and soimd rejiroducing equipment 
under which such tests were jierformed. as long as recom- 
mended standard ])rocediires do not exist. 

To achieve full interchangeability of cither the negative 
track for ])rinting elsewhere, or the finished |X)sitive for 
playing on an\- projector without <|iiality deterioration, 
standardization in the following two areas would be recpiired. 

FOR THE PRINT 

The re3]K)nse of photoreceptors u*ed in densitometers as 
well as in projectors should be defined with the same exact- 
ness as has been done in the .-\nierican Standard I'H 22.1 17- 
1960 for the densitometry of color s(»und tracks. .\ universal 
ixisitive track densit\' could then be specified for each jirinting 
stock, as an\- discrepancy- between densitometers (and re- 
producers) would thus be \ irtuall\' eliminated. 

FOR THE NEGATIVE 

'I'he negati\e density will not retiuire precise sjiecification. 
because a variety of factors can infiuence the residts at which 
cro.ss-nKKlulation balance occurs, if printing is done to the 
universal i)<)sitive density. However, it will have to be 
strongK- em])hasized that accuracy and consistency can only 
be assured with extremely precise processing control b\- work- 
ing to the four-step contrast method. Preferential control 
ste])s and densities should be recommended. 

It is realized that there are other areas in this complex 
process of producing an optical s()und track where (piality 
deterioration can occur. These would have to be subject to 
detailed investigation and exchange of information through 
an over-all standardizing bod\'. .Notwithstanding this, it is 
the author's firm ojiinion that nnich could be gained b\' 
arri\ ing at a recommendation as outlined above, as this would 
greatly increase the chances for a more consistent soimd 
qualitx' in the field, fnmi a track which ])la\ ed once excellently 
in the studio's review theatre. 
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• At the recent Ci)nsiinicr Klcctronics 
Show in New Wtrk City, many ex- 
liiltiturs featured the new four-channel 
sound. Lately, there has heen no short- 
age of ctimmentary on four-cliannel (or. 
if you prefer, <|ua<lrai)honic, tetra- 
sonic. surround stereo, wrap-around 
st>un<i. ad infinitum), hut with the 
generally run-down condition t>f the 
economy, it was surprising to find so 
nian\- manufacturers actively in\-ol\-e<l 
in the f{)ur-channel market. With just a 
little help from the economy, the four- 
channel scene may dc\-elo]) faster than 
anyone had anticipated. .And. once a 
four-channel disc becomes a ])ractical 
realit\- 

if four-channel s<iund is to he worth 
the additional exi)ense, it will have to 
offer something more than just another 
set of sjx'akers. No doul)t. we will go 
through a period of ping-ping-]Hmg- 
]M)ng until the novelty wears ofT and 
recording personnel learn how to take 
advantage of the new medium. 

Hefore too much more time jiasses. 
a standard speaker placement will have 
to he specified. Presumably, the choice 
will be made between rear or side 
speakers. Most of the four-channel 
demonstrations ha\e so far located the 
additional speakers to the rear, \-et 
there are some who favor a to-the-side 
placement. For more details on speaker 
placement, see James Cunningham's 
article, Tetraphonic Sound in the De- 
cember 1969 issue of db. 

Regardless of eventual speaker place- 
ment, recording engineers will develop 
some new techniques as the state of the 
four-channel art develops. To over- 
simplify, there are two basic approaches 
to four-channel recording — classical and 
po]). The classical approach is the more 
straightforward, with the additional 
speakers transmitting the reflected 



sounds that one would hear in the con- 
cert hall. However, it's simple in theor\- 
only, as the actual jilacement of the 
ambience micrtiphones can be a \-ery 
illusi\e art. The pop approach o])ens a 
whole new vvorld, and if four channel 
does indeed catch on, its ca])al)ilities 
will no doubt significantly intUience the 
direction of the rock scene. The psyche- 
delic possibilities are obvious, and 
probably endless too. 

PREPARING A FOUR- 
CHANNEL MASTER TAPE 

Presumably, if \-our studio has a se]xi- 
rate tape mastering console, it is present- 
ly etjuipped for mixing 4-, 8-. or 16- 
track tapes down to 2-track masters. 
If you can spare two echo send lines, 
you can probably rig up a fairly good 
four-channel system with just a few 
])atch cords in the following manner: 
Determine the tracks that are 
to be placed on one of the new 
six-akers, which I'll call left rear 
for this example. 

With a patch cord, lift the out- 
put of the associated mixers. 

r*ut the associated echo switch to 
]X)st position, and turn the echo 
send full on. Now. the mixer will 
feed signal into the echo line, but 
not to the program buss. 

Do the same thing with any 
other mixer that is to feed the left 
rear speaker. 

Divert the output of the echo 
combiner, so that it feeds to the 
left rear track, rather than to an 
echo chamfjer. 

I'sing a difTerent echo line and 
combiner, repeat the process for 
those tracks to be fed to the right 
rear. 

Of course, you also need additional 
monitor facilities. For the time being 



\ou might just ]ilug into the ta]>c ma 
chine outjMit. and Hip the selector 
switches on the tape machine to input. 

This is certainly not the ultimate in 
four-channel mixing, but it will get \(>u 
started in a hurry, and it means you 
don't have to tie up your studio's re- 
cording console for making \'our simpler 
four-channel masters. It would prob- 
ably be more than ade(|Uate for master- 
ing the classical repertoire where — once 
balances are establisheii — there isn't 
much need for complex jianning or 
special effects. 

When involved jianning is reiiuired, 
a joy-stick arrangement seems to be 
a jiractical solution. The physical ]K>si- 
tion of the joy-stick indicates exactly 
where you are, and it is possible to 
I)an in any direction <)uickly and 
easily. Autt)mated Processes. Inc. has a 
Quadrasonic .Stereo Panner (Model 
480) available, using the joy-stick 
principle. The joy-stick is ideal for 
sound sources that are to be moved 
during mastering, but for static place- 
ments, a modified version of the common 
stereo pan-pot may be sufficient. In- 
stead of feeding the two pan-pot out- 
puts to left and right, they are each 
fed to a series of four pushbuttons, 
which are in turn fed to the four tracks. 
It is now possible to pan between any 
two channels by depressing the appro- 
priate button on each side <)f the pan 
pot. 

FOUR-CHANNEL 

ECHO SYSTEMS 8= 

> 

With imaginative use of reverb, four- ^ 
channel sound can really come into its g 
own. T(X) often, echo chambers (arti- _i 
ficial or natural) are regarded as one, g 
input one-output devices. However- 
most EMT's have two outputs, and 
if you have a natural (nwm) echo 
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chamber, you can add additional micro- 
phones within the chaml)er for two 
(or more perhaps) outputs. In the 
August 1969 Journal of the Audio 
Engineering Society, there is an in- 
teresting |)ai)er by Benjamin B. Bauer; 
Some Techniques Toward Better Stereo- 
phonic Perspective. The principles dis- 
cussed in this paper could easily be ex- 
tended to four-channel work. Also 
worth looking up are these -A.K.S. 
Convention preprints, both of which 
illustrate echo networks which could be 
easily modified for four channel work. 

M. Koutjue & IC. Redlich Space In- 
forrr.utioii in Stereo-phonie — Ideas on a 
i\ew Recording Method for Records, un- 
numbered preprint. Oct. 1962 

Ci. Steinke Special Echo-Mixer for a 
Sound Recording Control Console, Oct. 
1964 preprint #357 

If there is sufficient reader interest, 
the subject of four-channel echo systems 
could be treated in detail in a subse- 
quent column. 

MICROPHONE PLACEMENT 

E\-en on a rock date, there are a few- 
variations on the Usual close-up mic 
placements that may prove worthwhile. 
Assuming your studio isn't completely 
dead, try placing two microphones as 
far as possible from, say, a few electric 
guitars, while also recording them in the 
usual manner. The extra microphones 
are fed to two spare tracks which are 
later fed to the rear speakers. It may 
sound great. Then on the other hand, 
it may be wretched. If it is, erase the 
tracks and forget where you read this. 

On a brass sweetening session, I've 
gotten some great results (at least, 
/ think they were great) hy miking the 
entire brass section onto two tracks, 
with the niics placed about midway 
between a typical up-tight pickup and 
a standard classical distant pickup. 
Then, additional cardtoid mics have 
been set up in the same general working 
area, but facing away from the instru- 
ments. These mics may he fed through 
a high-s])eed tape delay and used for 
rear-channel information. Of course, 
this ty]x? of pickup requires a studio 
with good-to-excellent natural acoustics. 
Failing that, it's doubtful whether these 
mics — fed to an echo chamber — would 
be as effective as using an echo feed from 
the regular microphones, to create 
rear-channel information. 

There's still a lot of trial and error 
exijerinientation to live through until 
the recording industr>- becomes com- 
pletely familiar with the possibilities 
of four-channel sound. Howe\er, you 
can rest assured that in the not too 
distant future, soon after four channel 
has become something of a standard, 
someone will get up and say. "\ou 
know, r\e been working on this new 
system, and it really sounds fantastic. 
Of course, you need 8 speakers, hut, , ,"■ 



• For the simplest type of projection 
"system" containing a 16-mm film 
projector and a 35-mm slide projector, 
the customer might just buy the two 
projectors himself and assume that they 
will do the job required. Many times 
he is correct. In a small meeting room, 
the projectors are set on a rolling table 
or on the conference-room table and 
the material is projected on a screen or 
on the wall. 

Howe\'er, when he is wrong, or when 
the system is more complex and he does 
not want to take a chance on buying 
the wrong equipment, he will ask for 





For 


for 




Slides 


16mm Film 


Factor 


Fig. 


Fig. 


Area of Image 






(w X h) 


1 


7 


Glass and Mirror 


2 


2 


Front Proi. Screen 






Material 


3 


3 


Rear Screen 






Material 


4 


4 


Voltage & Lamp 


5 


10 


Projector Lens 


6 


8 


Shutter 




9 






Image Ares 


Figure 1. Screen 




(Sq. ft.) 


brightness (in foot- 




(w' X h') 


lamberb) for slides. 




6 (3x2) 


All brightness values 




24 (6 X 4) 


are average and m&y 




54 (9 X 6) 


vary for different 




96 (1 2 X 8) 



projectors, different 1 50 (1 5 x 1 0) 

manufacturers, etc. 21 6 (1 8 x 1 2) 



assistance. Should the system be very 
in\olved. he will probably call on the 
services of a professional consultant. 
When he needs help (and calls on the 
audio man who designed and helped 
install the sound and intercom systems) 
there are a few quick guides (note: 
these are guides only) to assist in the 
evaluation of the existing or future 
projection system to determine if ac- 
ceptable image brightness levels will be 
achieved. 

First, a list of the variable factors 
affecting image brightness, with a nota- 
tion of the charts on which to refer. 



For slides, the aim is to reach the 
image/ambient ratio determined by the 
material to be presented in the slides 
with the minimum ratio being 5, 

For films, recommendation is for an 
image brightness of 16 ftL,, i)lus or 
minus 2 (if the presentation is in a 
viewing room), and not to exceed 
18ft I., 

The following charts are guides only 
as the factors are approximate and 
slightly rounded off to aid in computa- 
tions. However, the numerals are close 
enough to jiermit a good judgement on 
|)rojection system cajjability. 



TypiMi 


Typical 


Non-Arc 


Arc 


Projector 


Projector 


105 


335 


25 


85 


12 


40 


6.5 


21.5 


4 


14 


3 


9.5 



SOME VARIABLE FACTORS 
DETERMINING IMAGE 
BRIGHTNESS 
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Type factor 

Glass-mounted slides 0.85 
Single pane of glass 

(2 surfaces) 0.9 
Mirror (front Or rear 

alum, surf.) 0.9 

Figure S. Glass and mirrors. All glass and 

mirrors are assumed clean of marks and dirt, 
and without much dust. 



Screen Material 


Factor 


Matte 


0,85 


Ideal Matte 


1.00 


Non-metallic Lenticular 


1.50 


Metallic Lenticular 


2.00 


Beaded 


2.80 


Ektalite (Kodak) 


12.00 



Figure 3. Front projection screen material, 





5e/ector 












Switch 










Applied 


Setting 










Lamp 


(On those 




factor 




Socket 


projectors 


DEK Lamp 


DAH Lamp 


DEL Lamp 


DEA Lamp 


Voltage 


having one) 


(SOO w.) 


(SOO w.) 


(SOO w.) 


(300 w.) 


110 


Hi 


0.75 


0.45 


0.90 


0.45 




Lo 


0.50 


0.30 


0.60 


0.35 


115 


Hi 


0.85 


0.50 


1.00 


0.50 




Lo 


0.60 


0.35 


0.70 


0.40 


120 


Hi 


1.00* 


0.60 


1.20 


0.60 




Lo 


0.70 


0.40 


0.80 


0.50 


125 


Hi 


1.15 


0.70 


1.40 


0.70 




Lo 


0.80 


0.50 


1.00 


0.55 



Figure 5. Line voltages and lamp characteristics, for slides, 
used as basis for determining figures in Figure 1. 



*Lamp, setting and voltage 



Factor 



Projector Lens 



Typical 
Non-Arc Projector 



Typical 
Arc Projector 





2'/?" 


f/3.5 


0.60 


0.45 




3" 


f/3.5 


0.75 


0.55 




4" 


f/3.5 


1.00 


0.85 




4" 


f/2.8 


1.15 


0.95 


Figure 6, Projection 


5" 


f/3.5 


1.00* 


0.90 


Lenses for slides 


5" 


f/2.8 


1.25 


1.00 


*Uscd lo determine 


7" 


f;3.5 


1.05 


1.00 


Figure 1. 


4-6" Zoom f/3.5 


0.90 


0.85 



Figure 7. Image 
brightness (in foot- 
lamberts) for 16mm. 
All brightness values 
are average and may 
vary for different 
projectors, different 
manufacturers, etc. 



Image Area 
Sq. Ft. (w X h) h. 
12 (4x3) 
48 (8 X 6) 

108 (12x9) 
192 (16x12) 



Figure 8. Projection 
lenses for 16mm. 
Used to determine 
Figure 7. 



Projection 


Lenses 


1 '/j-inch 


f'2.0 


2 -inch 


f 1.6 


3 -inch 


f'2.0 


4 -inch 


f'2.5 



Typical 
Non-Arc 
Projector 
35 
8.5 
4 
2 



Typical 
Non-Arc 
Projector 

0.5 

1.00* 

0.8 

0.5 



Factor 



Typical 

Arc 
Projector 
140 
35 
1 5 
8.5 



Typical 

Arc 
Projector 
0.7 
1.00' 
0.7 
0.5 



Screen Material Factor 

Highly Diffusing 0.75 

Average 2.25 

Highly Directional 4.00 

Figure 4. Rear projection screen material. 

Tliroughout the slide charts, the 
assumption is made that the slides to 
be projected are of the ,^5-mm double- 
frame type. Other formats or copies 
of the original slides introduce further 
factors to be taken into consideration. 
.\lso, other formats usually require 
changes in image area, projection dis- 
tance and lens, etc. Note also, values 
given for screens are for a\-erage values 
within the angle of viewing according 
to the manufacturers. 
One example of how the factors might 
be used : 

Slide image siie required: 12' x 8' (96 sq. 

ft.) — (factor of 6.5 for non-arc and 21.5 

for arc projectors.) 
Non-image light on screen - -25 ftL. 
Screen material (front proj.) matte. (Factor 

of 0.85) 

Desired screen brightness ratio (if slide is 

in 100:1 category) is 25 ftL. (0.25 x 100) 
Lens being considered — 5" f/2.8. (Factor 

of 1.25 for non-arc and 1.00 or arc 

projectors.) 
Single pane of glass in port window factor 

of 0.9. 

Slides- -mostly cardboard mounted - -factor 
of 1.0. 

Question: Arc or non-arc projector? 

Answer: Start with arc projector and de- 
termine brightness: 21 .5 x 1 .0 x 0.9 xO.85 
equals 16.45 ftL. (below the desired 
brightness value.) 

Suggestion: Change screen to non-metallic 
lenticular for factor of 1 .5 instead of 0.85. 
Final value now: 29.0 ftL. 

This computation shows that the de- 
sired value can be reached as shown. 
The non-arc jirojcctor would not have 
proven satisfacton,- for brightness, with 
the conditions originally outlined. 

.\s this level is well above the re<|uired 
brightness, the lens can be changed to a 
5-in. f (factor-0.90) for a brightness 
of 26 ftL, still alxive the desired value. 
If desiix^l, glass-mount e<i slides could 
be used (with the f 2.8 lens) for a 
brightness of 24.7 ftL (just under the 
desired value) and worth a try. (Factor 
for glass-mounted slides is 0.85.) 

Similar computations can be made 
for film systems, but it must be em- 
phasized that the resulting value is tn 
be used as a gui<ie only, ■ 



Shutter 

2- Blade 

3- Blade 



Factor 
1.00* 
0,70 



Figure 9. Type of shutter for 16 mm. 
to derive Figure 7. 



Used 



Figure 10. Line 
Voltage and Lamps 
for 16mm. *Used 
lo derive Figure 7. 
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Lamp 




Factor 




Socket 


DDB Lamp 


DFD Lamp 


DHT Lamp 


Voltage 


(ISO w.) 


(1000 w.) 


(1200 w.) 


110 


0.55 


0.75 


0.90 


115 


0,65 


0.85 


1.00 


120 


0.75 


1.00* 


1.20 


125 


0.95 


1.1 5 


1.40 
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As a service to our readers we are pleased 
to oiler these books from pron/nent tech- 
nical publishers. All prices listed are the 
publishers' net. Shippir^g charges are in- 
cluded. 

Use the coupon at the bottom o^ the page 
or give the complete title, author ar}d coupon 
number. Be sure to indicate quantity on the 
special instructions line il more than one 
copy of a title is wanted. Full payment must 
accompany your order. We cannot ship 
co d. Checks or money orders should be 
made payable to Sagamore Publishing Com- 
pany, Inc. Because ol the time required to 
process orders, allow several weeks lor the 
receipt ol books. 

Broadcasting 

RADIO BROADCASTING 

edited by Robert L. Hilliard. Each of the five 
chapters has been written by a prominent 
educator with an extensive background of 
practical experience in commercial and edu- 
cational broadcasting. 190 pages; 6% x 
914; indexed; clothbound. 
S6.95 

Circle S on Coupon Below 

RADIO TRANSMIHERS 

Gray and Graham. Provides, in a logical, 
easy-to-understand manner, a working 
knowledge of radio transmitters for quick 
solution of problems in operation and main- 
tenance. 

1961. 46S pp. SI 6.00 
Circle 40 on Coupon Below 

ELECTRONIC AND RADIO 
ENGINEERING, 4lh Ed. 

Terman. A thorough coverage, in easy-to- 
understand terms, ol those principles and 
techniques which are the basic tools of the 
electronic and radio engineer. 
1955. 1,078 pp. $19.50 
Circle 39 on Coupon Below 

HANDBOOK OF BROADCASTING, 
4th Ed. 

Abbott and Rider. This nOn-technical hand- 
book sets forth clearly and thoroughly the 
fundamentals of radio and television broad- 
casting. Over 100 illustrations amplify the 
text. 

1957. 531 pp. $9.50 
Circle 38 on Coupon Below 



TELEVISION BROADCASTING 

Chinn. A practical, compact technical guide 
to the equipment, systems, facilities, good 
engineering practices, and operating tech- 
niques of television broadcasting. 
1953. 695 pp. $17.00 
Circle 37 on Coupon Below 

RADIO ENGINEERING HANDBOOK, 
5lh Ed. 

Henney. Prepared by a staff of specialists, 
this working manual of radio science pro- 
vides information on each of the branches 
of radio engineering, with emphasis on 
working practice, final working formulas, 
dimensions, and actual useable circuits. 
1959. 1,800 pp. $98.75 
Circle 36 on Coupon Below 

AN ALPHABETICAL GUIDE TO 
MOTION PICTURE, TELEVISION, 
AND VIDEOTAPE PRODUCTION 

Levitan. This all-inclusive, authoritative, and 
profusely illustrated encyclopedia is a prac- 
tical source of information about techniques 
of all kinds used lor making and processing 
film and TV presentations. Gives full tech- 
nical information on materials and equip- 
ment, processes and techniques, lighting, 
color balance, special effects, animation 
procedures, lenses and filters, high-speed 
photography, and much more. 
1970. 480 pp. $94.50 
Circle 35 on Coupon Below 



Electronic Music 

ELECTRONIC MUSICAL INSTRUMENTS 

by Richard H. Dorl. Now in its third edition 
and sixth printing since its first appearance 
in 1954, this is considered the authority on 
electronic Organs. 393 pages; 239 dia- 
grams and photographs. 
$10.00 

Circle 19 on Coupon Below 

Test and Maintenance 

INTERMODULATION AND 
HARMONIC DISTORTION 
HANDBOOK 

by Howard M. Tremaine. A complete refer- 
ence guidebook on audio signal intermodu- 
lation and harmonic distortion. 172 pages; 
Sy^x 8V2; softbound. 
$4.95 

Circle 9 on Coupon Below 

ACOUSTICAL TESTS 
AND MEASUREMENTS 

by Don Davis. Provide; a solid understand- 
ing of the entire Subject of acoustical meas- 
urements; based on actual field test work, 
using commercial equipment. 192 pages; 
Sy^ X 8V^; hardbound. 
$6.95 

Circle 7 on Coupon Below 



How To 

PRACTICAL PA GUIDEBOOK: HOW 
TO INSTALL, OPERATE AND SERVICE 
PUBLIC ADDRESS SYSTEMS 

by Norman H. CrOwhurst. 1967. This book 
gives all the basics needed to become a suc- 
cessful PA operator, in any situation where 
the reinforcement, relay, or distribution of 
sound can provide a service. 136 pages; 
6 X 9; illus; softbound. 
$4.50 

Circle 15 on Coupon Below 



Reference 

HANDBOOK OF ELECTRONIC TABLES 
& FORMULAS, (3rd EDITION) 

A One-stop source for all charts, tables, for- 
mulas, laws, symbols, and standards used in 
electronics. Includes an 8-page, full-color 
fold-out chart showing latest FCC alloca- 
tions for the entire frequency spectrum. 
232 pages; 5'/^ x 8l/^; hardbound. 
$5.50 

Circle 8 on Coupon Below 

BASIC BIBLIOGRAPHY OF 
SCIENCE AND TECHNOLOGY 

McGraw-Hill. Important to the researcher, 
librarian, or student, this reference book 
lists and describes over 8,000 outstanding 
books in every scientific and technical field. 
A topical index organizes all subject head- 
ings into about 100 general categories 
enabling the reader to locate quickly the 
listings which pertain to his field of interest. 
1966. 738 pp. $19.50 
Circle 34 on Coupon Below 

NOISE REDUCTION 

Beranek. Designed for the engineer with no 
special training in acoustics, this practical 
text on noise control treats the nature of 
sound and its measurement, fundamentals of 
noise control, criteria, and case histories. 
Covers advanced topics in the field. 
1960. 759 pp. $19.50 
Circle 33 on Coupon Below 

THE AUDIO CYCLOPEDIA 
(2nd EDITION) 

by Or. Howard M. Tremaine. New and 
updated, here is the complete audio refer- 
ence library in a single volume. It provides 
the most comprehensive information on 
every aspect of the audio art. This new 
edition includes the latest audio develop- 
ments including the most recent solid-state 
systems and integrated circuits. It covers all 
Subjects in the fields of acoustics, recording, 
and reproduction with more than 3400 
related topics. Each topic can be instantly 
located by a unique index and reference 
system. More than 1600 illustrations and 
schematics help make complicated topics 
masterpieces of clarity. 1760 pages; 6V& x 
9-3/8; hardbound. 
$99.95 

Circle 20 on Coupon Below 

General Audio 

ACOUSTICS— ROOM DESIGN 
AND NOISE CONTROL 

by Michael Rettinger. W68. The enormous 
problems and hazards presented by noise 
are dealt within an orderly and practical 
manner. With many charts, graphs, and 
practical examples, the text covers the 
physics of sound, room acoustics, and de- 
sign, noise and noise reduction. 392 pages; 
hardbound. 
$17.50 

Circle 21 on Coupon Below 



I 

I Sagamore Publishing Company, Inc. 

980 Old Country Road, Plainvicw, N. Y. 1 1 803 

' Please send me the books I have circled below. My full remittance in the amount 

I of $ is enclosed. N.Y. State residents add 5% sales tax. 

I 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

I 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 
I 



Name 

Street Address. 



I 
I 

j City State Zip. 

I Special Instructions 



j Canada and foreign: Add $1.00 per book 
I 
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Classified 



Closing date is the fifteenth of the second 
month preceding the date of issue. Send 
copy to: 

Classified Ad Dept. 
db 

THE SOUND ENGINEERING MAGAZINE 
980 Old Country Road 
Plainview, New York 11803 

Rates are 50c a word for commercial adver- 
tisements. Non-commercial and employment 
offered or wanted placements are accepted 
at 25c per word. 



THE TECHNIQUE OF 
THE SOUND STUDIO 

by Alec Nisbett.Jh'n; is a handbook on radio 
and recording techniques, but the principles 
described are equally applicable to Film and 
television sound. 264 pages; 60 diagrams; 
glossary; indexed; SV^ x SYq, clothbound. 
$10.50 

Circle 1 on Coupon Below 

PASSIVE AUDIO NETWORK DESIGN 

by Howard M. Tremsine. A complete and 
comprehensive guide to the design, con- 
struction, and testing of all types of attenu- 
ators, equalizers, and wave filters (or the 
practicing audio technician Or engineer. 
288 pages; 51/2 x 81/2; softbound. 
{5.50 

Circle 5 on Coupon Below 



Circuitry and Components 

TRANSISTORS FOR AUDIO 
FREQUENCY (AUDIO-FREQUENCY 
AMPLIFICATION) 

by Guy Fontaine. 1967. This systematic and 
detailed treatment of the application of tran- 
sistors in audio-frequency amplifiers shows 
how the published transistor characteristics 
are related to the principles of design. An 
ideal textbook or reference on the subject 
for engineers and advanced technicians. 
384 pages; SY^ x 8; illus.; clothbound. 
$7.95 

Circle 18 on Coupon Below 

CLOSED-CIRCUIT 
TELEVISION HANDBOOK 

by Leon Wortman. Gives comprehensive 
detailed information about the held in an 
easy-to-understand presentation, suited to 
those who plan to use, install, and service 
cctv. 288 pages; 51/2 x 81/2; clothbound. 
$5.95 

Circle 18 on Coupon Below 

CIRCUIT DESIGN FOR AUDIO, 
AM, FM, AND TV 

Texas Instruments. Texas Instruments Elec- 
tronics Series. Discusses the latest advances 
in electronic design and application which 
represent the results of several years research 
and development by Tl communications 
applications engineers. Emphasizes time- and 
cost-saving procedures throughout. 

1967. 352 pp. $14.50 
Circle 32 on Coupon Below 

SOLID-STATE ELECTRONICS 

Hibberd. A Basic Course for Engineers and 
Technicians. An extremely practical refer- 
ence book for anyone who wants to acquire 
<J good but general understanding of semi- 
conductor principles. Features questions to 
answer, problems to solve. 

1968. 169 pp. $9.95 
Circle 31 on Coupon Below 

INTEGRATED CIRCUITS 

Motorola. This complete, authoritative vol- 
ume of design and construction techniques 
for modern integrated circuits covers theory, 
thin-film techniques, diodes, transistors, 
thermal design, and other vital aspects. 
1965. 373 pp. $13.75 
Circle 30 on Coupon Below 

PRINCIPLES OF UNDERWATER 
SOUND FOR ENGINEERS 

Urick. Discusses problems entailed in under- 
water sound transmission and their practical 
solutions; describes causes, effects, and 
underwater sound phenomena; and offers 
numerous references to unclassified literature 
in the field. 

1967. 342 pp. $17.50 
Circle 29 on Coupon Below 



FOR SALE 



SCULLY TAPE RECORDERS — one to 
twenty-four track and model 270 auto players, 
many models in stock for immediate delivery. 
SCULLY LATHES — Previously owned and 
rebuilt. Variable or automatic pitch. Com- 
plete cutting systems with Westrex heads. 
MIXING CONSOLES — Custom designed 
using Wiegand Audio Lab modules From 
$7,000.00. Wiegand Audio Laboraloiiei, 
3402 Windsor Road, Wall, New Jersey 
07719. Phone: 201 681-6443. 



SOLID-STATE AUDIO PLUG-IN OCTAL 
(1 " Dia X 2" H) modules. Mic preamps, disc 
a tape P'eamp-equalizcrs, tape bidS osc. ft 
record amp)., power amps & power sup- 
plies. Send for free catalog and audio ap- 
plications. Opamp Labs., 172 So. Alia 
Visia Blvd., Los Angeles, California 90036. 

MODULES FOR ALL TYPES of applica- 
tions. Discrete to thick film IC devices. Pre- 
amplifiers to power amplifiers. New Catalog 
with schematics, $1.00. PM Electronics, 
Inc., Box 46204, Seattle, Washington 
98146. 

1 INCH SCOTCH (1 ROB-10 1/2M) 
empty NAB reels and boxes. New, un- 
opened, cartons of 5; $3.20 per reel. Cash, 
money order, check. Minimum order 10 
reels prepaid. Sample, prepaid: $4.20. 
Picture free on request. HelfFrich Recordinj 
Labs., R.D. #2, Allentown, Pa. 18103. 

BRAND NEW AMPEX AG/500 f.t. -in- 
cluding remote control, portable case, 
fourth stereo head, microphone preamp, 
transformers, etc. $950.00. Telephone: (21 5) 
CH 7-4268 



SCULLY 282-4 four-track recorder. Brand 
new, in portable cases, remote control, etc. 
$3,750.00 or best offer. (313) 563-8097. 



AMPEX 354 $900.00. 7 new Langevin 
EQ251A program equalizers, never used; 
$170.00 each. Department HI, db Maga- 
line, 980 Old Country Road, Plainview, 
N.y. 11803. 



AMPEX 602 TAPE TRANSPORT with Va- 
track Ampex heads, like new, $320.00 
(40% off). Citation B amplifier; $170.00. 
1807 Elm Crest, Arlington, Texas 76012. 



FOR SALE: One CBS Audimax IMS (stereo); 
$900.00. One H-P 225B FM monitor; 
$350.00. One Rust SFM-19 pilot frequency 
monitor; $225.00. Two Russco Studio Pro 
turntables; $100.00 each. Two Gray 303 
tone arms; $35.00 each. M. Rubin, KPPC, 
Pasadena, California. (21 3) 681-0447. 



EMPLOYMENT 



PROFESSIONAL RECORDING PERSON- 
NEL SPECIALISTS. A service for employ- 
ers and job seekers. Call today! Smith's 
Personnel Service, 1 457 Broadway, N.Y.C. 
10036. Alayne Spertell 812 Wl 7-3806. 
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People, Pieces, Happenings 




• 'I'lu' iliird Conference on Magnetic 
Recording as sjumtmri'd l>y ilif Hun- 
garian Optical, Acoustical, and 
Filmtechnical Society will bv lu-ld 
Si-])ti-iiilHT in HiKluiK'st. HuliKarv. 
Tilt' ConftTfucc will coviT tlic theo- 
relical and praiMical prohlniis ol iiiaK- 
ni'tic rwirdiiiK nn tiuiviii}; luaniielii- 
iiH-dia (iif all kinds). Thv proferml 
laiiKuam- iif tlu' CDtiffrtMU-f is l-"iij;lisli. 
Init )>aiic'rs in Knssiaii. ( '.iTinan. and 
Hungarian will also lit- fjivi-n. Abstracts 
of lilt- paiHTs will 1m- pulilisluti in all 
tlieso lai)Kiia>;i-s. Kcnislratimi ftrs for 
noil nu-inlMTS i.f IIOAPS are S-'D (SIO 
for meniliers). ( (iinact tlif IIOAKS in 
Budapest, V., Szabadsag ter 17. 
Hungary for details. 




• In a recent antumncement Ronald 
L. Braho has been apixiiute*! market- 
ing manager of professional soniul for 
the conuminications systems div ision of 
DuKane Corporation. His res[X)nsi- 
bilities will inchide market research, 
coni|)e'titi\e analysis, and snp|iort of 
stiles in both direct s;iles and training;. 
!le comes to l)iiKane from a sound 
ei)};i'"t'rin!I and contractinj; firm Im-ated 
in l.asX'efias. lie will be headcjuartered 
at tlu' Conipanv 's );eneral ollices in St, 
("harles. Illinois, 

• .\dvent Corporation liecimies the 
first to atn)onnce the marketing; of a 
liiKli-perfi irniance cassette tape nliliziiif; 
DuPont's Oolyn fonmilation. .\1- 
thouKh 'he tape will be first made in the 
<asselle format, it is cNjiectw! to api>ear 
in reels in other widths. CniK ti formula- 
tion uses chromium dio.\i(le as the 
magnetic medium. 



• Coiistniction is in the earl\ sta^e,- on 
a new biiildinv' f"r Sound SO Recording 
Studios of Mimiea|M(lis. Mimi. The 
building will house both the recordiiij; 
studios svsteins (li\isi<ni and creative 
services division of the com)»an\'. The 
comiKiny is now in leasi'<l space. The 
new facility will include three somui 
studios, a niiMlowu studio, an electronic 
music studio. tai»e duplicating facilities, 
and a construction center. There will 
be 16-track recording; capal>ilit\- in the 
main studio, with 8-track equipment in 
a smaller studio. The third will be pri- 
marily f<ir priKluctimi recordiii); with 
announcers or vocalists. 




• Ihe photo shows .IBL president 
William H. Thomas recei\iun a cer- 
tificate of commendation from tin- 
Mayor of Los .\ngeles, Sam Yorty 

(on the rif;lit). 'I"he commendatiiin was 
fjiven for JBI.'s i>artici]i;>tion in the Los 
.Angeles Municipal Arts I )e|);irtment 
Junior .\rts Center's Sound Tunnel 
project at Harnsdall Park. In presenting 
the award, tlie luavor iiotwl that JBI/s 
contribution of over i(M) loudspeakers 
had ma<le the project |Missible. The 
.soimd tunnel is a -Wl-fnot lonj; anechoic 
environment in which the speakers haxe 
been iinplanti'd in the floors, walls, and 
ceiling. I'rofjram material is fed to the 
speakers b\ 101) anipliliers and a bank 
of di);itall\ -cimtri illed comimtors which 
can fee<l iiji to .^1) simultaneous si}:nal> 
t!irouf;li the tunnel. 



• .\nsel Kleiman has lii-en proiiioti-d 
to f;roup vice-pre.sitlent of the Telex 
Corporation, 'i'his is a move from his 
IMisitioii as a \Hce-i)resident of the |»arent 
Telex Corixiration and president of the 
Telex Comnuinications Division, in 
this cor|x)rate consolidating ixisition. 
he will assume the division presidency 
of the Telex Home Kntertainment 
j;roup. in atUlilion to his res|>onsi bill ties 
over the (."oninmnications unmp- •^'f- 
Kleiman has been a v. -p. with Te e.v 
since l*>(o and was earlier in niauanerial 
(X)siTions with other companies. 



• Sony-Siiperscope president Joseph 
Tushinsky has annonueed the initia- 
tion of a new pronram for the marketiii); 
ami distribution of professional audio 
products. The new Siiju-rscope siu-cial 
a|)plications prtKlucts liivision will be 
inanafjed 1)\ Richard Fowle. The initial 
pnKlucts to be merchandised will come 
front both the Sony ami Marantz lines 
and have been specificalK' designed for 
this division. .X full line iucludin>; micro- 
phones, amplification and mixing e(|iiip- 
nient as well as a [xirtable battery oi^-r- 
ati-<l tw<i-track recorder for iti-the-field 
masterin); are initially ollered. 



• Jack Ames has been appoinli-d as 
<lirector of marketing; for Otari of 
.\merica, Ltd., ii\ an annonnceinent 
1>> Jack .\. .Sain, coni|Kiii\- president, 
IVior to joininj; Otari. Mr. .-\mes was 
director of nuirketin); for Telepro In- 
dustries, manufacturers ol cartridge 
and cassettes. He was also a co-lminder 
of Liberty Records in I'J.vS and wa? 
their general luanafTer and e\ccutive 
v.p. 



Crlil' {(.iiiTi 11) Cm Ir 12 III! liiiutn Srtrti f Cdid I- 



www.americanradiohistorv.com 



REVOX 

GUARANTEES 
THESE4 PARTS 
FOR ONE 
YEAR. 





PRESSURE 
ROLLER 



THE REMAINING 842 PARTS ARE GUARANTEED FOR LIFE. 



Until now, equipment 
guarantees were problem- 
atical. Some companies 
guaranteed their products 
for 90 days, some for a 
year or two. And one 
rather exceptional com- 
pany went so far as to offer 
a five year guarantee on 
its speakers. 

Now, the Revox Corpo- 
ration becomes the first 



to offer a lifetime guaran- 
tee, on what is regarded 
by many as the most com- 
plex linl< in the high fidelity 
chain, the tape recorder. 

There are 846 basic 
parts, exclusive of wiring 
and connectors in the 
Revox A77 tape recorder 
and every one of them, 
with the exception of the 
fojr pictured above is 



guaranteed for life. 

This unprecedented 
offer becomes effective 
immediately and has been 
made retroactive to in- 
clude the very first model 
A77 distributed by the 
Revox Corporation in 
the U.S.A. 

Wouldn't it be nice if 
everyone could make 
the same offer? 



Re«Ox Corporation gua'aniees to the original pu'- 
chaser of a Revox A77 tape recorder purcriased 
froT It in the U S A . except as to fuses and bulbs 
II 10 replace wtriout charge any part failing within 
twelve months after purcriase. and 2) to provide a 
free replacen^ent m exchange for any pan there- 
a'ter failing except the reco'd and playback heads, 
capstan and pressure roller This gua'artee s^all 
be void if the pu'chase has rot been registered 



with the RevOK Corporation withr the tir^e speci- 
fied in the card supplied the purchaser with the 
recorder, or if the recorder has been n>odif.ed or 
altered by anyone other than the Revox Corporation 
or its authorized representatives, or if the recorder 
has been damaged by misuse or accident. Trans- 
portation charges are rot in::luded in this guaran- 
tee. There are rtD warrant es or gjara.nlees except 
those etp'essed ha-e -. 



reVox, 




, delivers what all the rest only promise. 

PiiMOt Corporation. 212 Mmeoli Avinui. We/; Yo'k, N Y itSTT In Canada Tr,-Te: Asi:>:iires. Ua.. Toronto. Ca-iali 

Circle 11 on Reader Sert'ice Card 
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